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THE LOS ANGELES EXTENDED-DIALING 
AREA NETWORK 


By GORDON F. ORELLI 


Equipment Maintenance Engineer 


and BEVERLY H. PRYOR 


Circuit Engineer 


General Telephone Company of California 


1. General 


HE Los Angeles Extended Dialing Area, 
BE consisting of Los Angeles and surrounding 

California communities, comprises an area 
of approximately 1500 square miles which has, in 
the past fifteen years, shown a phenomenal in- 
crease in population. The 120 cities, towns and 
communities in the area had a combined popula- 
tion of 4,879,300 in 1954 as contrasted with 
3,043,166 in 1940—an increase of 60% in that 
time. Present area growth approximates 7975 
people a month, and recent estimates inclicate that 
population will be 5,357,800 by 1960. Industrial 
activity in Southern California has at the same 
time expanded rapidly, with new and major in- 
dusiries being established to keep pace with growth 
in the entire western part of the United States 
as well as that of the Southern California area. 
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SYNOPSIS: Outline of service prob- 
lems—types of service offered—gen- 
eral trunking scheme—numbering 
plan—local office trunking—extend- 
ed-service trunking—use of tandem 
offices—use of Directors—toll and 
intertoll switching—automatic ticket- 


ing. 


Figure 1 shows the area commonly referred to 
as the Los Angeles Extended Dialing Area. It is 
about 55 miles from east to west, and 47 miles 
from north to south. The city of Los Angeles is, 
of course, the “hub” of the area, and is sur- 
rounded by many cities and suburban communi- 
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Map of Los Angeles Extended Dialing Area, showing directory sections, and area served by 


each operating company 


ties. Because of its tremendous population growth, 
however, the entire territory now actually repre- 
sents one large metropolitan area. In 1940 the 
Los Angeles Extended Dialing Area contained 
774,500 telephones, served from 42 exchange areas. 
In 1946 this same area had only expanded to 
1,030,700 telephones, because of World War II 
manufacturing restrictions. But from 1946 to 
December 31st, 1954, 1,115,600 telephones were 
added, resulting in a total of 2,146,300 telephones, 
served from 238 central office units in 43 exchange 
areas. 


Providing telephone service in this large and 
rapidly expanding area has presented a definite 
challenge to the telephone companies. The exten- 
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sive “held order” applications of the post-war era 
dictated that telephone plant extension proceed as 
rapidly as possible; the requirements of the ulti- 
mate nationwide subscriber dialing plan _necessi- 
tated that the expanded equipment be planned 
to be part of the final automatic dialing plan. 
At that time, many of the suburban communities 
had telephone systems consisting of only a manual 
switchboard. Many other localities employed step- 
by-step terminal-per-line systems, while still others, 
even though having step-by-step terminal-per- 
station facilities, did not have prefixes assigned so 
as to be capable of being integrated into a sub- 
scriber dialing network. 


Despite the size of the task, telephone develop- 
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ment in the area has been so rapid that on 
December 31, 1954, only 0.53 percent of the 
telephones in the Los Angeles Extended Dialing 
Area were served by manual switchboards, with 
97.22 per cent being served by step-by-step sys- 
tems, and 2.25 per cent by No. 5 cross-bar, and 
other systems. 


2. Four Operating Companies 


The four telephone companies serving this sec- 
tion of Southern California, and the total area 
served by each company, are shown in Figure 1. 
The individual exchange areas and the central 
office buildings, total lines and telephones installed, 
and type of equipment used in each office, are 


listed in Table A. 


The Pacific Telephone and Telegraph Com- 
pany (Bell System) operates in 25 exchange areas, 
with 181 office units having approximately 960,800 
lines and 1,639,400 telephones installed as of 
December 31, 1954. Of the 181 office units, 173, 
utilizing step-by-step equipment, provide service to 
96.36 per cent of the total telephones installed. 
Number 5 cross-bar facilities are provided in 7 
offices serving 2.94 percent of the total telephones. 
The remaining telephones (0.70%) are served by 
a manual call-indicator office. 


The General Telephone Company of California 
operates in 9 exchange areas, with 60 office units 
equipped with approximately 225,005 lines and 
460,000 telephones as of December 31, 1954. The 
General company utilizes Strowger step-by-step 
equipment exclusively in all offices in the Los 
Angeles Area. 


The California Water and Telephone Company 
operates in 4 exchange areas, consisting of 7 office 
units with approximately 24,200 lines and 51,700 
telephones installed as of December 31, 1954. 
Strowger step-by-step equipment provides service 
to almost 100 percent of this total. 


The Sunland-Tujunga Telephone Company 
operates one office unit with 3,340 lines and 7,700 
telephones, served by Strowger step-by-step equip- 
ment. 


3. Directory Sections 


As also shown in Figure 1, the Los Angeles 
Extended Dialing Area today consists, for tele- 
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phone directory purposes, of five sections, which 
are the Central, Northwestern, Northeastern, 
Southern, and Western. Each section maintains 
individual directory delivery dates, and new offices 
or other major changes which materially affect 
the subscribers’ telephone usage are engineered to 
become effective as of the date of issue of the 
section directory. | 


4. Office and Exchange Areas 


The term “office”, as used herein, is defined as 
a single central-office equipment unit consisting of 
not more than 10,000 station terminals, and iden- 
tified by a two-letter and one-number (2L-1N) 
prefix in addition to the four-digit terminal num- 
ber. There are currently a few isolated instances 
where the office prefix is not in use; however, these 
offices are scheduled for use of the prefix as soon 
as it becomes economically feasible. 


An “exchange area” may be defined as that 
area in which a local or free rate of tariff applies 
to all calls that are originated and completed 
within the established area. The exchange areas 
in effect today are the result of rate tariffs filed 
in past years with the State of California Public 
Utilities Commission, and have no bearing what- 
ever on the number of telephones or the geo- 
graphical area within an exchange. The Los 
Angeles exchange area, for instance, comprises 
approximately 175 square miles, and has approxi- 
mately one million telephones within its confines. 
On the other hand, the Sunland exchange area 
consists of 52 square miles and 7,800 telephones. 
As may be inferred from the varying number of 
telephones within exchanges, there is no limit to 
the number of offices which may be in an ex- 
change area; the number of offices is based pri- 
marily on the density of population within the 
exchange boundaries. 


5. Types of Service Offered 


Subscribers within the Los Angeles Extended 
Dialing Area are offered the usual “flat rate”, 
“message rate” and “foreign exchange” services. 


“Flat rate” service includes local service rates 
and extended service rates. Local service provides 
non-toll dialing privileges between telephones 
within the same exchange area, at a fixed base 
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EXCHANGE EQUIPMENT 
AREA TYPE 
Los Angeles 
Capitol Area Bidg. SXS 
Albany Area Bldg. SXS 
Angelus Area Bidg. SXS 
Axminster Area Bldg. SXS 
Adams Area Bidg. SXS 
Mvival Area Bldg. SxS 
Hollywood Area Bldg. SXS 
Lafayette Area Bldg. SXS 
Southgate Area Bldg. SXS 
Olympia Area Bldg. SxS 
Plymouth Area Bldg. SXS 
Rampart Area Bldg. SXS 
Republic Area Bldg. SXS 
Richmond Area Bldg. SxS 
Thornwall Area Bldg. SXS 
Trinity Area Bldg. SXS 
Whitney Area Bldg. SXS 
Alhambra 
Alhambra Bldg. SXS 
San Gabriel Bldg. SXS 
Beverly Hills SxS 
Arcadia SXS 
Chase SXS 
Charleston 
Charleston Bldg. SXS 


MAN CALL INDICATOR 


Lankershim Bldg. No. 5 X-BAR 
Canoga Park SxS 
No. 5 X-BAR 
Cresenta SXS 
Newmark 
Compton Bldg. SXS 
Paramount Bldg. SxS 
Menlo SxS 
Culver City SxS 
El Segundo No. 5 X-BAR 
El Monte SXS 
Glendale SXS 
Hawthorne SXS 
Inglewood SXS 
No. 5 X-BAR 
Lomita No. 5 X-BAR 
Montebello SXS 
North Hollywood SXS 
Sylvan SxS 
Sycamore 
Green Bidg. SXS 
Lake Bidg. SxS 
Mission Bldg. SxS 
Reseda SxS 
San Pedro 
Main Bldg. SXS 
Wilmington Bldg. SXS 
Torrance No. 5 X-BAR 


THE PACIFIC TELEPHONE AND TELEGRAPH COMPANY 
APPROX. 


LINES 


18900 
17600 
31700 
25500 
26100 
32500 
44500 
42600 
14500 
30700 
17000 
44000 
29600 
22300 
32200 
23400 
51300 


27200 
12000 


36600 
8700 
2900 


17400 
7700 
4500 


4900 
2700 


6500 


29100 
7200 


9200 
16400 
2700 
11300 
29700 


9800 


26700 
2900 


4500 
15000 
29900 

3400 


29500 
18100 
7100 


13900 


12700 
7900 


4800 


APPR 


OX. 
TELEPHONES 


32400 
30700 
51700 
41100 
38900 
78400 
82500 
74200 
23800 
50000 
27200 
82000 
43900 
43500 
49500 
46700 
77000 


43000 
19900 


60500 
14800 
4800 


34300 
11500 
7200 


9300 
4700 


10800 


43100 
12200 


15300 
28300 

8500 
18800 
47600 


19400 


47800 
3700 


6700 
25300 
45700 

6600 


52000 
28500 
11800 


22400 


21900 
14100 


8900 


Van Nuys 
Cedros Bidg. 


Kester Bldg. 


SXS 
No. 5 X-BAR 
SXS 


16900 
5600 
11000 





28000 
8500 
20000 


THE GENERAL TELEPHONE COMPANY OF CALIFORNIA 


EXCHANGE 
AREA 


Covina 
Azusa Bldg. 
Baldwin Bldg. 
Covina Bldg. 
Glendora Bldg. 
Puente Bldg. 


Downey (Torrey) 
Artesia Bldg. 
Bellflower Bldg. 
Norwalk Bldg. 


Downey (Topaz) 


Long Beach 
Lakewood Bldg. 
Main Bldg. 
Market Bldg. 
North Bldg. 
Termino Bldg. 


Malibu 
Zuma 


Redondo 
Palos Verdes Bldg. 
Redondo Bldg. 
Rolling Hills Bldg. 


EQUIPMENT 
TYPE 


SXS 
SXS 
SXS 
SXS 
SXS 


SXS 
SXS 
SXS 


SXS 


SXS 
SXS 
SXS 
SXS 
SXS 


SXS 
SXS 


SXS 
SXS 
SXS 


Santa Monica (Exbrook) 


Ocean Park Bidg. 
Santa Monica Bldg. 


Mar Vista (Exmont) 
West Los Angeles 


SXS 
SXS 


SXS 


West Los Angeles Bldg. SXS 


Whittier 
La Habra Bldg. 
North Bldg. 
Pico Bldg. 
South Bldg. 


SXS 
SXS 
SXS 
SXS 


APPROX. 


LINES 


2600 
5400 
4600 
1800 
3200 


2800 
6800 
7800 


12400 


10400 
20500 

7400 
10600 
17200 


800 
200 


4000 
11800 
1000 


10600 
19400 


10800 


28600 


3300 
6400 
9200 
8300 


APPROX. 
TELEPHONES 


4800 
9500 
9500 
3800 
5200 


3800 
14700 
15700 


27200 


22400 
43900 
16400 
18200 
40800 


1300 
500 


8700 
27000 
900 


23400 
39200 


20700 


53400 


5300 
9000 
20900 
13700 


THE CALIFORNIA WATER AND TELEPHONE COMPANY 


EXCHANGE 

AREA 
Monrovia 
Sierra Madre 
Mount Wilson 
San Fernando 
Sepulveda 
Granada 


Pacoima 


EQUIPMENT 
TYPE 


SXS 

SXS 
RELAY LINK 

SXS 

SXS 

SXS 

SXS 


APPROX. 


LINES 
7000 
5500 

40 
4500 
34006 
1200 
2800 


APPROX. 
TELEPHONES 


15200 
7500 
40 
10900 
8300 
2800 
7300 


THE SUNLAND-TUJUNGA TELEPHONE COMPANY 


EXCHANGE 
AREA 


Sunland 


Table “A” 


as of December 31, 1954 


EQUIPMENT 
TYPE 


SXS 


APPROX. 


LINES 
3400 


Central Office Buildings, Equipment Types, Lines & Telephones in Los Angeles Extended-Dialing Area, 


APPROX. 
TELEPHONES 


7800 


THE AUTOMATIC ELECTRIC TECHNICAL JOURNAL 











rate. Extended service, at a slightly higher base 
rate, permits no-charge calls from any exchange 
area into any adjoining exchange area within the 
Los Angeles Extended: Dialing Area—with one 
important exception in relation to the Los Angeles 
exchange area. The volume of telephones in the 
Los Angeles exchange, and the fact that this ex- 
change is the “hub” of the Extended Dialing Area, 
being surrounded on all sides by other exchanges, 
has resulted in special treatment of the extended 
service concept in this exchange, so as not to 
present inequities between subscribers in one ex- 
change and another. Thus, the central office 
areas in the middle of the exchange do not have 
extended dialing out of the Los Angeles exchange. 
Other central offices, near the perimeter of the 
exchange area, do have the regular extended- 
service dialing privileges out of the Los Angeles 
exchange, but only on calls to the exchanges which 
are adjacent to that section of the Los Angeles 
exchange in which the office is located. 


The use of extended service has the distinct 
advantage of permitting the subscriber to dial his 
own calls into contiguous areas, rather than re- 
quiring the telephone company to complete this 
high-volume traffic through manual switchboards. 
Thus, the trend is definitely toward extended 
service, and in most of the exchange areas the 
use of local service has been eliminated, with 
extended service the only variety offered to the 
customer. In some exchanges, however, it has 
thus far been impossible, because of customer 
objections, to eliminate local service; an example 
of this is in the Long Beach exchange of the 
General Telephone Company, where under exist- 
ing Utilities Commission rulings a subscriber hav- 
ing local service may retain this service as long as 
he retains the same station location. 


“Message rate” service is the type of service in 
which the subscriber is charged on a_ unit-call 
basis after using the required minimum number 
of calls per billing period within a local or ex- 
tended area. Much use is made of message rate 
service, particularly within the Los Angeles ex- 
change. 


“Foreign exchange” service permits a subscriber 
located in one exchange area to subscribe to the 
telephone service and consequent calling privileges 
of another exchange area. This type of service is 
uscd mostly by subscribers in outlying exchanges 
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to obtain service into the Los Angeles exchange 
area. 


6. General Trunking Scheme 


The trunking scheme used in the Los Angeles 
Extended Dialing Area has been designed to pro- 
vide trunking facilities for subscriber or operator 
dialing. Where it is necessary only to provide local 
and extended service trunking for subscriber 
dialing, the straightforward approach of trunking 
on inter-exchange direct trunks is preferable (ex- 
cept that, within the exchange area, two or more 
tandem offices may be employed.) The limitations 
on office numbering plan code assignments tend 
at times to alter the inter-exchange direct trunking 
—for example, when two or more exchanges shar- 
ing the same 2L prefix, or the impractibility of 
providing cable routes over mountainous terrain, 
creates the necessity of tandeming inter-exchange 
traffic through an adjacent exchange area. 


As operator-dialed traffic is more efficient than 
ringdown or straightforward toll operation, it has 
always been required that toll and DSA switch- 
board operators complete traffic by dialing, when- 
ever possible. For this purpose, major tandem 
systems have been maintained for many years, and 
many of the areas directly adjacent to the Los 
Angeles Extended Dialing Area have been ac- 
cessed by dialing through these systems. Those 
offices having assigned prefixes are dialed directly 
by use of the prefix, within the tandem system. 
Even those offices not having assigned prefixes may 
be accessed through the step-by-step tandem sys- 
tems by the use of an arbitrary code digit which 
can be made a part of the DSA routing instruc- 
tions. 


As the number of telephone subscribers in the 
Los Angeles Extended Dialing Area has increased 
it has been necessary to expand the tandem facili- 
ties as well as the exchange plant. The major 
tandems and supplementary sector tandems that 
were initially provided to trunk operator-com- 
pleted short-haul toll traffic have served, and will 
continue to serve, as a very appropriate means of 
trunking customer-dialed toll traffic. This traffic 
will, however, require assigned prefixes, as the 
customer cannot be expected to make extensive 
use of routing digits to establish the desired con- 
nections in an area such as the Los Angeles Ex- 
tended Dialing Area. It has long been known that 
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under the operator toll-dialing plan, mixed num- 
bering, involving special routing instructions (such 
as dialing the third letter of the prefix to provide 
seven digits to register-sender systems) is perfectly 
feasible, but such operation would be virtually 
impossible for subscriber dialing of short- or long- 
haul toll calls. 


7. Numbering Plan 


It was recognized some twenty years ago that 
the then widely used numbering plan of two letters 
plus four numerals would be inadequate for the 
anticipated growth in the Los Angeles area; it 
was apparent that the 2L-4N numbering systems 
would exhaust the available code block assign- 
ments. Accordingly, plans were initiated to change 
all offices with 2L-4N numbering to the so-called 
“universal” numbering scheme of 2L-5N. In an 
area which has shown such phenomenal growth 
in the past few years, however, the assigning of 
codes tends to be quite critical; in preparing the 
projected code assignment plan, it was quite com- 
mon to find instances where two or three exchange 
areas were sharing the same 2L prefix. If more 
than one company had code assignments in a 2L 
prefix block it has been the general practice for 
the company having the greater number of codes 
to retain the code block, with the other companies 
adopting other code block assignments. The elim- 
ination during 1955 of a vast quantity of 2L-4N 
numbering in the Los Angeles exchange will 
greatly ease the code block situation for a few 
years. 


It is basically true that the volume of extended 
service presented in the area (together with the 
Nationwide Dialing Plan) has forced the complete 
use of universal numbering in Southern California. 
When only extended-service trunking had to be 
considered, and each exchange had only to trunk 
to exchanges that were contiguous, this did not 
complicate the area trunking too much; the situa- 
tion changed, however, when it became necessary 
to establish a trunking scheme that could be used 
by the operator to complete calls to all exchanges 


in the Los Angeles Extended Dialing Area. 


The Morningside 1 office (since changed to 
Normandy) in the Olympia district was the first 
office in the Los Angeles area to be placed on a 
seven-digit basis of two letters plus five numerals 
(1929). After the policy of 2L-5N numbering was 
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Figure 2. Beverly Hiils-West Los Angeles Trunking, with 
joint use of one code block 


established, office designations were changed as 
new offices (or office units) were added; outright 
number changes of existing offices were also made 
in order to clear entire code blocks occupied by the 
old 2L-4N numbering. 


Today, the Los Angeles extended Dialing Area is 
approximately 94 percent converted to 2L-9N 
numbering. The majority of the remainder is on 
a 2L-4N basis, but it is probable that conversion 
will be completed in the next two to four years, in 
order to permit incoming foreign-area customer- 
dialed calls. 


8. Switching Arrangements 


To adequately describe the vast switching net- 
work in the Los Angeles Extended Dialing Area 
it is desirable first to outline the trunking on a 
single-office basis, and then progress to local multi- 
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office trunking, to extended service dialing, and 
finally to trunking through the tandem systems. 


8.1 Local Office Trunking 


Local office trunking requires only the switching 
apparatus for call completion within the 10,000- 
terminal office; two selectors and a connector sat- 
isfy these requirements. The use of the first level 
of the first selector for special-service trunking, 
and the tenth level for the operator, effectively 
reduces the office capacity to 8000 terminals. The 
addition of another office within the exchange area 
requires additional apparatus (a preceding selec- 
tor) for inter-office trunking. If the second office 
is in the same building as the first, inter-office 
trunking is on a three-wire basis; if not, trunk 
repeaters are used. The Los Angeles area has both 
types of inter-office trunking, i.e., in some ex- 
changes all offices are located entirely within the 
confines of one building. The additional selector 
(third) permits local trunking to eight local 
offices within the exchange (the first and tenth 
levels of the originating selector being used to gain 
access to the special service levels, as mentioned 
above). Inter-exchange trunking in this arrange- 
ment is incoming on fourth selectors. Traffic to 
extended-service points (contiguous exchanges) 
can be dialed only where the first prefix letter of 
the “extended” exchange does not conflict with 
the office digit of one of the local offices. 


8.2 Extended Service Trunking 


Extended-service trunking could, of course, be 
established by the use of arbitrary code digits for 
the distant exchange, but this arrangement is too 
burdensome on the subscriber to be practical. 


The arrangement of extended-service trunking 
in each exchange is determined primarily by 
whether the exchange to be trunked to has the 
same or different prefix digits from the local 
exchange. If the local exchange and the extended 
exchange have the same 2L prefix it is necessary 
to trunk to incoming fourth selectors in the distant 
exchange. If the prefix digits are not the same it 
is the practice to deliver traffic to incoming third 
selectors in the other exchange. An example of 
trunking to an extended exchange incoming on 
third or fourth selectors in accordance with the 
prefix assignments occurs between the West Los 
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Figure 3. Beverly Hills-West Los Angeles Trunking, after 
addition of Bel Air office 


Angeles and Beverly Hills exchanges. Traffic be- 
tween the Arizona (now Granite) office in West 
Los Angeles and the Crestview-Brighton offices 
had for many years been incoming on fourth 
selectors. As shown in Figure 2, all office assign- 
ments in the 27 code block were in use, and five 
trunk-groups were required from Beverly Hills to 
West Los Angeles. Heavy growth in the Bel Air 
area of the West Los Angeles exchange indicated 
economic advantages to be gained by the addition 
of a new wire center for the area, and the con- 
solidation of trunk groups to permit considerable 
savings in outside plant facilities. 


In order to add another office to the West Los 
Angeles exchange, a transfer to another code block 
was required. As the 4th level of the West Los 
Angeles first selectors was vacant at the time, 
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minimum selector rearrangements were required 
by utilizing the available 47 code block assign- 
ment. The transition period was accomplished by 
temporary ties of the 2nd and 4th levels of the 
first selectors. The trunking arrangements to West 
Los Angeles from Beverly Hills are illustrated in 
Figure 3 (for the sake of simplicity, only the 
one direction of inter-exchange traffic has been 
illustrated). With the 47 code block assignment 
for West Los Angeles, only two trunk-groups were 
required (one being the BRighton-O-Beverly Hills 
foreign exchange service in West Los Angeles) as 
shown in Figure 3. In the reverse direction, also, 
third selectors were placed at the incoming rather 
than the outgoing end of the trunks, the Pacific 
Telephone and Telegraph Company providing in 
their Beverly Hills office the 27 level third selectors 
for West Los Angeles traffic. 


To meet the requirements of extended service in 
the Los Angeles Area, a rank of preceding selectors 
have usually been added in front of the office third 
selectors. ‘The preceding selectors have generally 
been of the digit-absorbing type, in which the first 
prefix digit of the extended exchange can be ab- 
sorbed and the called exchange selected by the sec- 
ond prefix digit. In the past few years some use has 
been made of the “2-5” selector for this purpose. 


The use of the selector rank preceding the local 
office selector necessitates, in all cases, the use of 
seven-digit (universal) numbering in the local ex- 
change, i.e., it is necessary for seven digits to be 
dialed for local numbers. In certain exchange areas, 
where the office assignments have been considerably 
less than the eight available within prefix possibili- 
ties with five-digit local numbering, it was possible 
to get by with handling as much extended service as 
possible through vacant levels of the office selector, 
with the remainder of the extended-service traffic 
being handled manually by assistance operators. 
Economic advantages have been gained by remain- 
ing on five-digit local dialing, until it became 
necessary to change in order to pick up other 
extended-service points or to provide additional 
office assignments in the same code block. 


The present trend is to provide a Director system 
in lieu of the selector rank whenever the advan- 
tages offered by an automatic toll ticketing system 
can be taken advantage of within a short time 
after going to “seven-pull” dialing. If the ex- 
change is small and the toll calling rate relatively 
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low, the preceding selector rank has been used to 
advantage. 


The Redondo exchange (Figures 4 and 4A) 
provides an example of “five-pull” local dialing 
(also limited FRontier-prefix trunking) with full 
customer dialing to the contiguous exchanges on 
a 2L-5N basis. The terminating offices are of both 
the SXS and No. 5 cross-bar types. In the case of 
Gardena SXS the termination is on fourth selec- 
tors, while at San Pedro and Hawthorne third 
selectors are employed. This third-selector (one 
trunk-group) operation is possible in the latter two 
cases because the extended-service assignments 
from Redondo are not shared by different ex- 
changes, as is the case in the 32 code block. 


The San Pedro exchange consists of two build- 
ings, Wilmington and San Pedro. The Wilmington 
building, being the nearest geographically to Re- 
dondo, houses the 83 level third selectors, with 
trunking to fourth selectors in both buildings. It is 
interesting to note that on a call from a sub- 
scriber in Rolling Hills to a subscriber in San 
Pedro, switches in four buildings are actuated— 
first selector in Rolling Hills, second selector in 
Redondo, third selector in Wilmington, fourth and 
fifth selector and connector in San Pedro. In 
order to insure satisfactory pulsing under the 
variety of conditions encountered on such a call, 
the outgoing repeaters at Redondo are of the pulse- 
correcting type. 


The El Segundo, Lomita and Torrance ex- 
changes are of the single-office No. 5 cross-bar 
variety. Terminations are provided on “by link”- 
type trunks that provide immediate connection of 
the registers to the trunk; this permits direct sub- 
scriber dialing without resorting to “second dial 
tone” operation. The incoming trunks are ar- 
ranged to receive the last four digits of the called 
number. 


The 3 level second selectors at Frontier are of 
the “absorb once, re-use level” type, in order to 
absorb the digit “2” of the Davenport, Davis, 
Eastgate, and Fairfax prefixes. They also serve as 
second selectors for those Redondo subscribers 
dialing the FRontier prefix. As Palos Verdes and 
Rolling Hills subscribers dialing the FR prefix will 
“back-haul” in the trunk cable, the prefix routes 
are combined with the AB toll tandem traffic, 
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Figure 4. Redondo Exchange Local and Extended-Service Trunking, using 5-digit local dialing. (Inset— 
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completing on local trains that use better cable 
facilities for transmission reasons. 


Experience has shown that in general the local 
subscribers prefer to dial only the numerals; most 
of the prefix traffic is generated by the coin-box 
telephones and by visitors at non-coin telephones. 
The Redondo exchange requires only twenty selec- 
tors for this type of traffic. This exchange is an 
exception, however, in that 5-digit local dialing 
can be utilized, with the subscribers dialing 100 
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percent of the extended service traffic; generally, 
area growth has necessitated use of the local-office 
selector levels for office arrangements, and either 
Director systems or preceding ranks of selectors 
have been provided to facilitate the extended- 
service trunking arrangements. 


8.3 Use of Tandem Offices 


Within an exchange area there is usually one 
central office building which is termed the main 
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Figure 5. Long Beach Intra- and Inter-Exchange Switching 
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building of the exchange—i.e., trunk routes to 
other exchanges usually originate, and almost al- 
ways terminate for switching, in the main exchange 
building. This main switching point has usually 
been in the same building as, or in close proximity 
to, the toll switchboard. However, in the process 
of very rapid growth in the areas involved, the 
exchange wire centers have naturally shifted in 
accordance with the movement of the centers of 
population. This has resulted in many exchange 
areas which have more than one tandem switching 
point in order to avoid “back haul” of heavy 
traffic. 


Subscriber-dialed traffic; whether it be extended 
service or of the short-haul toll variety, has also 
effected a change in the concept of one building in 
the exchange serving as the tandem switching 
point, since better access may often be had to 
other exchanges and tandem systems from another 
building within the exchange area. In many in- 
stances one building acts as the tandem or switch- 
ing point for traffic to a particular area, while 
another building in the same exchange area will 
be the tandem switching point for traffic to differ- 
ent areas. The Long Beach exchange of General 
Telephone Company provides a typical example 
of several switching points within the same ex- 
change area. As seen in Figures 4A and 5, Main, 
North, Market and Lakewood offices of the Long 
Beach exchange are all tandem points. The five 
central-office buildings require the use of two 
code blocks, GArfield (42) and HEmlock (43) ; 
GArfield is used in the Lakewood, Market and 
North buildings and HEmlock serves Main and 
Termino. 


The use of four tandem offices in this case was 
indicated by their geographical location with 
respect to the distant toll or extended-service 
offices; this approach eliminates nearly all the 
“back haul” traffic. 


Incoming short-haul toll traffic is divided into 
two groups—GArfield third selectors at Market, 
and HEmlock third selectors at Main. The orig- 
inating operator or tandem deletes the prefix. 
Originating offices for these groups are Compton 
toll, Downey toll, Long-haul tandem, Ludlow 
DSA, Ludlow tandem, Mutual toll, Pleasant tan- 
dem, Redondo toll, Richmond DSA, Short-haul 
tandem, and Whittier toll. 
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For extended-service subscriber-dialed traffic 
from Newmark and Metcalf, Market office tandem 
third selectors switch for the GArfield offices, 
while Main office third selectors switch for the 
HEmlock offices. However, for subscriber-dialed 
calls from Terminal 2 and 4, North office third 
selectors instead of Market switch the GArfield 
traffic, because of its location. 


The geographical location of Lakewood with 
respect to the Downey Torrey offices is such that 
no “back haul” results from terminating the sub- 
scriber-dialed traffic on 4 level second selectors in 
Lakewood. The 42 and 43 level third selectors are 
also located in Lakewood, with separate groups 
to fourth selectors in each of the units of the five 
buildings. Locating the HEmlock (43) third selec- 
tors in Main or Termino instead of Lakewood, in 
order to consolidate the groups, would have intro- 
duced another impulse repetition and necessitated 
the employment of pulse-correcting repeaters in 
one leg. This plan proved undesirable, as the 
additional cost of the pulse-correctors exceeded the 
savings in group consolidation. 


The outgoing Long Beach subscriber-dialed ex- 
tended-service traffic is confined to Downey (Tor- 
rey, 86), San Pedro (Terminal, 83) and Compton 
(Newmark-Metcalf, 63). For this traffic three 
buildings are used as tandems—Lakewood for 
Downey, Main for San Pedro, and Market for 
Compton. As the 86 level third selectors are in 
Lakewood and the 83 level thirds are in Main, this 
requires the 8 level second selectors to be in each 
of the five buildings. For Compton traffic, how- 
ever, the 6th level in each of the five buildings is 
trunked directly to Market, where it is terminated 
on “drop-back, reuse-level”-type selectors, which 
absorb the second digit of the prefix. 


The use of Director systems makes the exchange 
multi-tandem arrangement particularly attractive 
because of trunking flexibilities gained by use of 
register-translator-sender features. The Santa 
Monica exchange of the General Telephone Com- 
pany provides an example of two outgoing ex- 
tended-service and Short-haul toll-tandem points 
in the same exchange area. As shown in Figure 
6A, the Santa Monica Main central office, using 
the prefix assignments EX-3, EX-4, and EX-5, is 
located some three miles to the north of the Mar 
Vista central office, which uses EX-1, EX-7 and 
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Figure 6. Santa Monica Exchange Local and Extended-Dialing Trunking, prior to November 1, 1954 
(Inset—Figure 6A—Map showing Santa Monica Extended-Service Trunking) 
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EX-8 prefixes. The Ocean Park central office 
(EX-6 and EX-9), Topanga (CDO), and the new 
Palisades (GL-4) central office make up the 
remainder of the Santa Monica exchange area. 
Prior to November 1, 1954 (see Figure 6), the 
Santa Monica exchange area was on a five-digit 
local dialing scheme, and dialed only the Ver- 
mont and Arizona prefixes; the State, Dickens, 
Diamond, Globe, Orchard, Glenwood and East- 
gate prefixes were handled through the DSA 
operator. The future addition of another unit in 
the Mar Vista office necessitated use of either 
Directors or an additional rank of selectors, in 
order to avoid manual completion of the heavy 
Arizona traffic to the West Los Angeles exchange. 
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Directors were added, which are further employed 
to provide automatic ticketing in the Santa Monica 
exchange. (See Figure 7). 


The provision of Directors to permit full ex- 
tended-service dialing privileges for the Santa 
Monica exchange offered the opportunity of estab- 
lishing the Santa Monica Main and Mar Vista 
central offices as tandem systems. The Santa 
Monica Main tandem handles all originating ex- 
change traffic for the north and central parts of 
the Extended Dialing Area, while the Mar Vista 
tandem takes care of the extended-area traffic to 
the south of the exchange. These systems are 
greatly increased with the use of automatic ticket- 
ing in the Santa Monica exchange area; the Santa 
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Monica Main office now tandems toll traffic to 
the north and central toll points (including the 
Gower and Short-haul cross-bar tandems) and the 
Mar Vista tandem completes to the toll points 
(including Pleasant tandem) to the south. 


Completion of traffic from one exchange to any 
other exchange in the Los Angeles Extended Dial- 
ing Area by the operator in non-ticketed exchanges, 
and by the subscriber using toll-ticketing facilities, 
obviously cannot be handled entirely by inter-ex- 
change direct trunk groups. To facilitate the han- 
dling of operator-dialed traffic within the area, the 
Long haul tandem step-by-step switching system 
was established in the Mutual Building of the Los 
Angeles exchange in 1926. This system was accessed 
directly by DSA operators within the Los Angeles 
exchange and the other exchanges in the Los An- 
geles Extended Dialing Area, and provided outgo- 
ing trunk groups to second or third selectors to Los 
Angeles exchange central offices and outlying areas. 
A straightforward system of trunking, using prefix 
digitis dialed, was used for trunking in the Long- 
haul tandem system. Access to those exchange 
areas not utilizing assigned prefixes was provided 
by arbitrary code digits which were a part of the 
DSA routing instructions. 


The growth of exchanges within the area, and 
the need for tandem switching for other Southern 
California exchanges outside of the Los Angeles 
Extended Dialing Area, caused a rapid expansion 
of the Long-haul tandem facilities to the point 
where the system was becoming overloaded. In 
1947 a cross-bar tandem switching system, desig- 
nated “Short-haul tandem”, was placed in opera- 
tion. The primary purpose of the Short-haul tan- 
dem system was to relieve Long-haul tandem (as 
long as 2L-4N or 2L-5N plans were used) of the 
traffic from one office to another within the Los 
Angeles exchange, and from exchanges immedi- 
ately adjacent to the Los Angeles exchange into 
that exchange. Originating traffic from DSA boards 
in these areas, however, did and still does use the 
Long-haul tandem facilities for traffic to the out- 
lying exchanges both in and out of the Los Angeles 
Extended Dialing Area. To aid in switching traffic 
within a section of the area, without the require- 
ment for trunk facilities into a Long-haul tandem 
system, several “sector-type” tandems were estab- 
lished. Among these were: Green tandem, Mutual 
Area tandem, and Lafayette tandem within the 
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area, and Orange County tandem for switching of 
traffic between Los Angeles Extended Dialing Area 
and Orange County points. 


To further supplement the Long-haul, Short- 
haul, and several sector tandems, two other major 
tandem systems were added in 1949, and were des- 
ignated as Gower and Pleasant cross-bar tandems. 
Gower tandem actually supplemented the switching 
of Short-haul tandem between exchange areas in 
the northern part of the Los Angeles Extended 
Dialing Area and offices in the middle and northern 
part of the Los Angeles exchange. Pleasant tandem, 
located to the south of the city, was established to 
serve the exchanges to the south of the Los Angeles 
exchange for inter-exchange trunking in that sec- 
tion of the area. 


8.4 Toll and Intertoll Switching 


The Los Angeles No. 4A toll system and the 
associated switchboard located in the Mutual build- 
ing function as an inward switching point for ap- 
proximately forty-one buildings, completing traffic 
via immedite-ring toll-switching trunks. These 
buildings make up what is known as the Los An- 
geles Toll Center. The Los Angeles No. 4A toll- 
system also carries the rank of Regional Center 
and is the CSP for the 213 area. The outward 
traffic from the forty-one buildings, in addition to 
that of the Mutual switchboards, is combined and 
handled by thirteen remote toll switchboards, 
known as “decentralized toll boards.” These boards 
are reached by dialing the code “110”, while the 
code “0” is reserved for the Short-haul DSA-board 
traffic. 


These decentralized toll switchboards are pro- 
vided with their own TX team codes comprised 
of five digits, all commencing with 11. West Los 
Angeles, for example, has three teams—261, 262, 
and 263. The distant operator requiring the Los 
Angeles operator 263 (West Los Angeles) will com- 
plete via a No. 4A toll trunk, and will dial the area 
code (if required) plus 11263. This will route the 
call to the West Los Angeles switchboard TX op- 
erator via a TX selector in West Los Angeles. 


Most of the terminating equipment for the Los 
Angeles toll-center area traffic from the No. 4A 
toll-system is provided on SXS loop pulsing, AB 
preceding selectors and immediate ring toll-trans- 
mission selectors. The toll centers at Anaheim, 
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Covina, Downey, Oxnard, Pomona, Redondo, San 
Diego, San Pedro, Santa Ana, Santa Barbara, Santa 
Maria, Santa Monica, Ventura and Whittier em- 
ploy SXS intertoll systems utilizing simplex pulsing 
technique. The larger of these systems are equipped 
with several ranks of intertoll switches—intertoll 
Ist, 2nd, and 3rd—trunking to immediate-ring 4th 
selectors in each of the offices. The smaller centers 
generally require only one rank of intertoll switches, 
functioning as 3rd selectors. 


These Southern California toll centers have been 
provided with full auxiliary operator and test codes 
such as 121 Inward Operator, 131 Information 
Operator, 115 Universal TX, 101 Test Desk, 102 
Milliwatt, 103 Supervisory Test Line, 100 Balance 
Test Termination, etc. 


9. Automatic Ticketing 


The compatibility of long-established step-by- 
step equipment with the relatively new No. 5 cross- 
bar systems has been thoroughly proven. The No. 5 
systems installed in the Los Angeles Extended Area 
provide Automatic Message Accounting features 
for subscriber dialing of toll calls. The Pacific Tele- 
phone and Telegraph Company started in 1943 to 
provide automatic ticketing features in step-by-step 
central offices, and will soon be using a new “ver- 
sion” of automatic ticketing. This new system will 
utilize register-sender equipment, and will produce 
call records that can use Automatic Message Ac- 
counting billing processes. 


The Sunland-Tujunga Telephone Company and 
the California Water and Telephone Company 
have for several years used Strowger Automatic 
Toll Ticketing within the Los Angeles Extended 
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Dialing Area with complete success. SATT installa- 
tions are currently in service for, or will shortly be 
placed in service by, the General Telephone Com- 
pany of California in the Bel Air, West Los An- 
geles, Palisades, Santa Monica, Mar Vista, Ocean 
Park, Covina, Baldwin Park, Azusa, Downey, Nor- 
walk, Whittier South, Pico and Long Beach offices. 
This equipment will initially provide subscriber 
dialing facilities for traffic completion within the 
national 213 dialing area, with full expandibility 
for ten-digit nationwide subscriber dialing. 


All SATT systems installed have translation and 
sender facilities. The translation facilities provide 
tremendous advantages in trunking flexibilities 
when use can be made of tandem arrangements, 
while the sender facilities provide the important 
(although many times disregarded) advantage of 
disassociating the subscriber’s dial and exchange 
plant from the toll trunk. Subscribers’ usage of ex- 
pensive toll tandem common equipment has dic- 
tated the use of multi-frequency (MF) pulsing 
into the No. 4A toll tandems, and it is expected 
that much future use will be made of this type of 
pulsing to reduce common equipment holding 
times. 


Some use will be made by General Telephone 
Company of California of the so-called “access- 
type” SATT systems, wherein the subscriber will 
dial a three-digit number in order to access a con- 
ventional SATT system. This type of service will 
be provided in certain instances in order to defer 
the additional plant investment for a complete sys- 
tem. In all cases the equipment accessible from the 
three-digit code will be the type to be used for a 
standard system, and will therefore be readily ex- 
pansible to a full system. 
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Introduction 


ITHIN the last decade the transmission 
\\) engineer has made increasing use of car- 
rier and radio to provide a more efficient 
medium of transmission over long distances. For 
distances of 15 miles or less, however, the primary 
medium of transmission is still the conventional 2- 
wire circuit, in the form of either open wire or 
cable, operating in the voice-frequency range. In 
most exchanges, such circuits, exclusively, are used 
to connect a subscriber with his local telephone 
office, and to interconnect a group of offices within 
an exchange area, covering a city or group of 
towns. 


As exchange areas have grown, however, cir- 
cuits connecting outlying subscribers have been 
continually extended to a point where, in some 
instances, voice transmission of satisfactory quality 
is no longer provided. At the same time, constant 
improvement in the characteristics of telephone 
instruments and transmission facilities has greatly 
improved transmission on local calls, with the 
result that subscribers have come to demand better 
transmission on all calls. This demand can be 
met only by adding some new device to the exist- 
ing line, or by constructing new facilities to pro- 
vide the improved service. 


The obvious way to reduce the apparent loss 
per unit length of a transmission line is to increase 
the size of the wire. This method becomes very 
uneconomical, however, as wire sizes become large. 
Another of the means developed to reduce this 
transmission loss, both in the local exchange plant 
and on toll circuits, is the loading coil. 


Still another device which reduces this circuit 
loss to a usable value is the voice-repeater. Intro- 
duced into the telephone plant about 1915, the 
voice repeater was, perhaps, more than any other 
single development, the device that made trans- 
continental telephony feasible. 
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A repeater of this type contained two amplifiers 
—one for each direction of transmission—and their 
associated hybrid circuits and balancing networks. 
Today, these units are very extensively used in the 
toll plant, but because of the large amount of 
equipment necessary they have not generally 
proved to be an economical answer to the problem 
of reducing line attenuation in the local exchange 
area. 


In 1948 the Bell System introduced a small 
voice-repeater, known as the “E” type, which rep- 
resented a new concept, economically applicable 
to these shorter lines. This repeater operates on 
the principle of adding a negative impedance in 
series with the line, thus canceling some of its 
undesirable impedance, and increasing the current 
in the line. This inserted impedance may be 
capacitive, inductive, or resistive, or a combina- 
tion of these forms. The result is to provide a 
transmission gain identical to that resulting from 
the conventional type of hybrid repeater. 


The negative-impedance repeater is a “bi- 
lateral” device which provides gain in both direc- 
tions without the use of hybrids, line filters, or 
any form of voice-operated switching techniques, 
and with the use of but a 2-wire circuit. The 
simplicity of this repeater, together with its small 
size and low power consumption, makes it ideally 
suited for applications within the exchange area. 
Furthermore, unlike earlier types of repeaters, it 
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preserves the D.C. continuity of the circuit in 
which it is installed. This means that by-pass 
relays or other auxiliaries are not required to 
accommodate the signaling and _ supervision 
methods ordinarily used on these circuits. 


The broad scope of application of this type of 
repeater is evidenced by the fact that the Bell 
System has installed over 50,000 series type nega- 
tive-impedance repeaters since 1948, and is con- 
tinually doing so at a rapid rate. These installa- 
tions have proved the effectiveness of the negative- 
impedance repeater in improving voice-frequency 
transmission on short-haul circuits. 


Objectives of Development 


In undertaking the development of the voice- 
repeaters described in this paper, Automatic Elec- 
tric attempted to overcome an inherent weakness 
of the series-type negative-impedance repeater. 


Generally speaking, when any device such as this 
is “lumped” into a transmission line with smooth 
characteristics, reflective effects result unless the 
amount of inserted negative impedance (and 
hence the gain) is kept low. On a line of suf- 
ficient length this reflection would be delayed and 
would appear to the subscriber as an annoying 
echo. This effect limits the length of line on 
which the series-type negative-impedance repeater 
can be used, and the amount of gain available. 


It has been found, however, that if a similar 
repeater is shunted across the line this effect is 
greatly reduced, thus making it possible to use 
negative-impedance repeaters on much _ longer 
lines. This led to the development of two different 
units—the “series-type,’ (designated Type AT-2), 
and the “shunt-type” (designated Type AT-3). As 
might be assumed, the series-type repeater may 
be used alone, or the series and shunt types togeth- 
er, but the shunt type is rarely used alone. 


The combination of these repeaters also over- 
comes a problem which is sometimes encountered 
when negative-impedance repeaters are used as 
terminal repeaters.. When a series-type repeater 
alone is used, the total characteristic impedance of 
the line is of course lower than without the re- 
peater. Consequently, if such a line with a 
‘terminal repeater is switched onto a line with a 
conventional hybrid repeater (so that these two 
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Figure 1—Block Diagram showing AT-2 and AT-3 Repeaters con- 
nected to line 





types of repeaters are “back-to-back” the hybrid 
unit may “sing”, if its gain is very high. Actually 
in all our field tests this did not occur, and it seems 
safe to say that at the present time a series-type 
repeater alone can be used satisfactorily in three 
out of four such cases (although, of course, this 
ratio may change in time). Development of the 
combination repeater makes it possible to meet 
requirements in the remaining cases; this repeater 
may be adjusted to have the same effect on return 
loss as is caused by the conventional hybrid re- 
peater. 


Because a large number of repeaters might be 
needed, even in an exchange of average size, other 
objectives of this development were to reduce the 
size of the negative-impedance repeater, to reduce 
the amount of power needed for operation, and to 
minimize the amount of maintenance required. 
These requirements were very satisfactorily met 
by using a transistor converter instead of the fa- 
miliar vacuum-tube amplifier. 
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Figure 1 shows in block-diagram form how these 
repeaters are connected to a telephone line. The 
series-type repeater, AT-2, is coupled to the line 
with half of the negative impedance introduced 
into each side of the line, to maintain line balance. 
(The experienced telephone engineer may recog- 
nize a similarity between these two repeaters and 
C. Grisson’s “twin type 21” repeater of many years 


back. ) 


Field of Application 


The introduction of Automatic Electric Types 
AT-2 and AT-3 negative-impedance voice-fre- 
quency repeaters provides a direct and economical 
way to improve the transmission characteristics 
of short-haul cable and exchange trunk circuits. 
Specifically, these repeaters are expected to have 
a wide field of application on the following types 
of circuit: 


1. On special-service trunks, including foreign- 
exchange lines, off-premises PBX extensions, and 
PBX tie trunks. 


2. On longer tandem trunks, as a means of 
reducing overall tandem standards, or as a means 
of reducing existing tandem completing loss to a 
value suitable for toll completion via the tandem 
system, where this method of operation is con- 
templated. 


3. On tributary trunks, where difficulty is en- 
countered in meeting transmission requirements 
due to the extensive use of cable in both the trunk 
and local office plant. 


4. On longer toll connecting trunks, to facilitate 
transmission design. 


5. On trunks to centralized Intercept and In- 
formation desks. 


6. On non-loaded cables, to equalize them and 
add gain, in the same manner as is done by the 
use of loading coils. 


7. On long subscriber lines, both local and rural. 


In all applications, this type of repeater pro- 
vides its maximum gain when installed at the 
midpoint of the line, or somewhere near this point 
where there is some line loss on both sides of the 
repeater. Our tests have shown that these units 
will work very satisfactorily as terminal repeaters, 
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Figure 2—Effect of supply voltage values on operation of 
Type AT-2 Repeater 





but their gain capabilities in this position are some- 
what reduced. 


In order to take advantage of this characteristic 
of negative-impedance repeaters, it is possible that 
they will be installed along a line (possibly mount- 
ed on poles) and supplied by the voltage from the 
line, or from a vacant pair in the cable. These 
“transistorized” repeaters have a very significant 
merit for such applications, in that changes in 
supply voltages cause only very small changes in 
the negative impedance that is presented at the 
input terminals. The output capabilities of the 
unit are affected before distortion occurs. 


Figure 2 shows the effect of a change in supply 
voltage over a wide range; note that the insertion 
gain remains almost constant down to below 20 
volts. As the repeater is placed further from the 
office, the voltage is reduced, but so is the signal 
input terminals. The only change that occurs is in 
the output capabilities of the unit. 


Theory of Negative-lmpedance Repeaters 


In a conventional voice-frequency repeater of 
the hybrid type, one finds two amplifying channels, 
each using a stage of ordinary vacuum tube am- 
plification. In order to isolate the output of a 
channel from its own input, the design uses 
hybrid transformers, with their associated balanc- 
ing networks. 


The negative-impedance repeater is different in 
that it uses only one amplifier and one network. 
This network is usually called a “gain-adjusting 


THE AUTOMATIC ELECTRIC TECHNICAL JOURNAL 





BGS eee ER A TSU: Tie ra uO OT Rega AIRE is a ay RT Tag Wy a REN IS 


network”’, because by changing the constants with- 
in it, one can change the gain. No filters or 
equalizers are required, and no signalling by-pass 
units are needed. Direct current for talking bat- 
tery and supervision, and the various ringing 
voltages, pass through the repeater as though it 
were not in the circuit. 


The idea of negative-impedance originated over 
thirty years ago, and was based on the fact that a 
two-terminal device containing a feedback ampli- 
fier, an electric arc, or a semiconductor, could 
produce a similar current flow if a comparable 
resistance were removed from the same circuit; 
thus such a device could neutralize a certain 
amount of resistance. Negative resistance, how- 
ever, cannot be dissociated from reactance when 
we are dealing with circuits of this type; accord- 
ingly the expression “‘negative-impedance” is used 
to devote the effect of the AT-2, which has the 
property of negative resistance at some frequen- 
cies, resistance and reactance at other frequencies, 
and positive impedance at still other frequencies. 


Circuit Description 


The basic circuit of the Automatic Electric AT-2 
series-type negative-impedance repeater is shown 
in Figure 3. This repeater consists of three prin- 
cipal parts: 1) a balanced line transformer which 
introduces the negative-impedance equally in series 
with both sides of the line; 2) a single-stage (bal- 
anced) transistor amplifier circuit; and 3) a 
network which governs the gain and equalization 
of the repeater. 
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Figure 3—Circuit of Type AT-2 Repeater 





The circuit of the AT-3 shunt-type negative- 
impedance repeater is shown in Figure 4. This 
repeater contains the same three parts, except that 
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Figure 4—Circuit of Type AT-3 Repeater 





the unit is connected across the line through 
Capacitors instead of through a line transformer. 


The gain of these units is inherently always 
the same in both directions, and is the amount by 
which the loss of the line is reduced. This “inser- 
tion gain” is a function of the negative-impedance 
introduced by the series-type repeater, the negative 
admittance introduced by the shunt-type repeater, 
and the sums of the impedances of the two lines 
looking away from the repeater between working 
and idle circuit conditions. 


If the insertion gain of a typical circuit (with 
actual subsets as terminations at each end) is 
plotted against frequency, the resulting curve will 
show a succession of alternate peaks and valleys. 
These result from variations in line impedance and 
make it rather difficult sometimes to judge the 
effective gain of the repeater. Normally, with a 
properly installed unit, these variations do not 
exceed +2.0DB. 


The maximum integrated gain of the series unit 
alone can never exceed approximately one-half of 
the loss of the line, with 10 DB as a maximum. 
(“Integrated gain” is the sum of the insertion 
gains of the repeater at 500, 1000, 1500, 2000, 
2500, 3000, and 3500 cycles, divided by the num- 
ber of readings taken—seven, in this case. ‘This 
method of measurement gives a better picture of 
the operation of the repeater than a single fre- 
quency measurement, which is actually quite 
meaningless). With a combination of series and 
shunt-type repeaters the maximum gain usually 
cannot exceed approximately 85% of the loss of 
the line, with approximately 14 DB as a maxi- 
mum. The gain obtainable will be greater when 
non-loaded facilities are connected to both sides 
than on loaded facilities; on non-loaded circuits it 
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Figure 5—Repeaters mounted on shelf 











is possible to provide higher gain at the higher 
frequencies, as a means of equalizing attenuation. 


In some cases, these repeaters can be used as 
loading devices; because of their inherent greater 
speed of propagation they can be spaced further 
apart than loading coils. Furthermore, negative- 
impedance repeaters as loading devices can reduce 
line attenuation below that possible with coil load- 
ing, because the negative resistance element sup- 
plies additional power to the line. At present, 
however, use of the negative-impedance repeater 
as a loading device seems to be only a secondary 
application. (For most applications, it is expected 
that when so used, the repeaters will usually be 
located in an office—not spaced along the line). 


The Transistor Converter 


The balanced transistor amplifier contained in 
these repeaters is a feedback arrangement, usually 
referred to as a “negative-impedance converter” 
because, in‘ effect, it transforms the impedance of 
the network into a negative-impedance. It is this 
negative-impedance which is inserted in series 
with the line by the coupling transformer in the 
AT-2 unit. Its impedance determines the voice- 
frequency gain characteristics of the repeater; con- 
sequently no other gain control is required. 


{ti2] 


The operation of the circuit shown in Figure 3 
cannot be understood in terms of amplifiers which 
have both input and output terminals; in such 
amplifiers, the signals pass into the input—the grid 
of a vacuum tube—and an amplified voltage is 
obtained at the output because of the amplifying 
action of the tube. In this newer type of repeater 
a somewhat different principle is involved, which 
may be explained as follows: 


A signal on the line is coupled to the emitters of 
the transistors in “push-pull” fashion. Practically 
all the emitter current going into either transistor 
(depending on whether the positive or negative 
portion of the input signal is being received) flows 
out of its collector into the load, developing a 
voltage across it (this effect is characteristic of a 
PNP junction-type transistor.) This voltage is 
cross-coupled by the capacitors back to the bases 
of the opposite transistor, and thence to the input 
terminals—practically undiminished because of the 
low impedance of the operating transistor between 
emitter and base. Therefore, the voltage back to 
the input is practically the negative of the voltage 
across the load, and one sees at the input the 
negative of the load impedance. (The base volt- 
ages appear at the emitters because the transistors 
behave essentially like cathode followers.) It 
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should be noted that the current enters the first 
transistor and leaves from the emitter of the second 
transistor (and vice versa), so the repeater is 
acting as a generator. With our present available 
junction transistors the collector current is only 
slightly less than the emitter current, and the 
emitter-base resistance of typical units is under 100 
ohms; consequently this seems to be an accurate 
analysis of what takes place. 


[deal negative-impedance converters have cer- 
tain definite network properties: the input current 
equals the output current, and the input voltage 
equals the negative of the output voltage. Junction 
transistors, as used in Automatic Electric’s repeat- 
ers, make possible a converter that approaches this 
ideal. ‘The conversion properties of the transistor 
converter are stable, because they depend prin- 
cipally upon the “alpha” of the transistor, which 
varies very little with bias conditions. In fact, the 
useful frequency of transistor converters can be 
made to extend far beyond the range in which we 
are interested. 


The series type (AT-2) repeater is “open-circuit 
stable and short-circuit unstable”; this means that, 





when unterminated, it is in its most stable condi- 
tion, whereas certain impedances placed across its 
input terminals will cause oscillation. In the shunt 
type (AT-3) we find the opposite to be true—that 
is, the repeater is “open-circuit unstable and short- 
circuit stable”. Maximum gain of either repeater 
becomes greater as we approach the oscillation 
point. 


Units such as these may be operated in tandem 
on a given circuit, providing they are separated 
from each other by sufficient line loss. In general, 
however, the maximum total gain of tandem re- 
peaters will not exceed the gain provided by one 
repeater alone—that is, 50% of the non-repeatered 
loss of the line. 


These repeaters are stabilized against oscillation 
(singing) by setting the network for gain values 
which will be stable under idle trunk or line con- 
ditions, and by use of network values that drop 
the gain at the end of the usable voice-frequency 
range. If the repeater is stable in the idle condi- 
tion, it will be stable under trunk or line conditions 
such as ringing or signalling. For talking condi- 
tions, the singing margin of the repeater is usually 














Figure 6—Type AT-2 Repeater (cover removed) 
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sufficient because the impedance terminations are 
improved as compared to the idle condition. 


The AT-2 negative-impedance repeater will give 
no gain, and in most cases will oscillate, when 
connected to a transmission line which has theo- 
retically zero loss. The AT-3 repeater is designed 
to have as high an impedance as possible, to 
prevent loss to dialing and ringing. 


Mechanical Design 


The Automatic Electric Type AT-2 negative- 
impedance repeater is shown in Figure 5, mounted 
on its shelf, and in Figure 6 with its cover 
removed. The unit is 2 inches wide and 914” 
deep (overall) and occupies a shelf height of 51% 
inches. Up to eight repeaters are contained on a 
single shelf, which mounts on a standard 19-inch 
relay rack (or ten repeaters can be mounted on a 
shelf for the W. E. Co. 23-inch rack). Each 
repeater is designed to slide on a track, to engage 
an 8-point shelf jack—the familiar Automatic 
Electric switch jack, which can be adjusted to 
switch the two sides of the line straight through 
when a repeater is removed. This very desirable 
feature permits rapid replacement of a defective 
unit if trouble should occur, without interrupting 
an existing conversation. (The repeaters have 
been designed to add only a small amount of loss 
to the line in the event trouble should develop. ) 
The repeater is held to the shelf by a single self- 
retaining type of fastener. 


This repeater requires no power source other 
than the conventional 48-volt exchange battery. 
Each unit consumes approximately 20 milli- 
amperes at 48 volts (approx. 1.0 watt); conse- 
quently, heat radiation is not a factor—fans or 
cooling devices are not required. 


As previously mentioned, no signalling by-pass 
arrangements are required, since a DC and low- 
frequency path is constantly maintained through 
the repeater. Losses in dialing,( ringing, etc., are 
negligible, because the repeater adds only about 17 
ohms DC resistance in series with the line, plus a 
very low reactive component. 


The amplifier, or “converter”, uses two con- 
ventional type 2N44-PNP transistors operating in 
“push-pull”, with associated capacitors and resis- 
tors arranged in circuits that produce the necessary 


{ 114] 








feedback or gain, and also produce some of the 
filtering action. 


The adjustable part of the repeater consists of 
a network which includes 11 capacitors, 15 resis- 
tors, and 3 tapped inductors, and also includes 3 
“building out” capacitors. These components are 
connected to 48 terminals on the top of the re- 
peater, which are easily accessible when the top 
cover is removed. The elements are graded values 
of resistance, capacitance, and inductance which 
can be combined by strapping to give desired 
network configuration and values so the repeater 
is adaptable to practically all exchange facilities. 
There is a certain amount of resistance loss in 
the repeater which is compensated for by a 680- 
ohm resistance provided in the network; this 
resistance is always connected in series with any 
network used. 


Performance 


When a Type AT-2 repeater is placed in service, 
one of three general types of networks is used, 
depending on the types of lines connected to both 
sides of the repeater, and upon whatever central- 
office equipment (repeating coils, long-line equip- 
ment, etc.) might be connected across these lines. 
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Figure 7—Gain-adjusting networks used on Type AT-2 
Repeater 





The network configuration shown in Figure 7 
(A) is used when an open-wire line or a non- 
loaded cable is connected to both sides of the 
repeater, or an open-wire line to one side and a 
non-loaded cable to the other. The resistance R 
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Figure 8—Performance of Type AT-2 Repeater on non- 
loaded line 





and capacitance C determine the approximate 
overall gain and frequency shaping or equaliza- 
tion. It is possible to obtain several types of fre- 
quency-response characteristics by selecting various 


values of R and C. 


If a repeating coil, long-line adaptor, or other 
comparable equipment unit is located near the 
repeater, an additional inductance is shunted 
across the network to compensate for it; the value 
of this inductance is not critical. The performance 
of an AT-2 repeater in an application of this type 
is shown in Figure 8. 


In this application, the repeater is connected to 
10,165 ft. of 22-gauge copper on one side, and 
14,585 ft. of 22-gauge copper plus 3,720 ft. of 
24-gauge copper on the other. A long-line adapter 
circuit is connected adjacent to the repeater. In 
this case, this unit reduces the circuit to roughly 
a 6.0 DB loss in the voice-frequency range—about 
half its unrepeated value. The maximum gain 
capabilities of the Type AT-2 repeater are realized 
in an application of this type. As previously men- 
tioned, the maximum integrated gain possible with 
a series-type (AT-2) repeater is approximately 10 
DB. It is capable of furnishing outputs up to 10.0 
VU before distortion occurs. 


The networks are adjusted to allow a stability 
factor about 10% before oscillation occurs on the 


THE AUTOMATIC ELECTRIC TECHNICAL JOURNAL 


repeaters. To determine this factor, the end of 
the shortest facility connected to either side of the 
repeater is first unterminated (opened). and then 
shorted. If the repeater remains stable (does not 
oscillate), its network is satisfactory. Usually a 
network is selected which just causes oscillation in 
these tests, and then reduced about 10% until the 
repeater again becomes stable. This technique 
provides the highest gain with the desired stability. 


Figure 9 illustrates the use of an AT-2 repeater 
as a terminal unit on the end of a loaded line. 
Here we have the repeater installed at the end of 
21 miles of 19 gauge, H88-loaded cable. As a 
terminal repeater, its gain would normally be 
somewhat lower than if used as an intermediate 
repeater; in this particular installation, however, 
we are getting a little greater gain than usual. 
In this type of application, we would find repeaters 
between loaded lines, terminal repeaters at the 
end of a loaded line (such as illustrated in Figure 
9) and an intermediate repeater between a loaded 
line and a non-loaded line. 


In Figure 7 (B) is shown the configuration 
which is used when a loaded line is involved. The 
value of capacitor C2, usually called the “building- 
out” capacitor, is governed by the characteristics 
of the end sections of the loaded line facing the 
repeater. Inductances L1 and L2, with Cl, com- 
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Figure 9—Performance of Type AT-2 Repeater on 
loaded line 











prise a low-pass filter, with R1 as the output 
termination of this filter section. The value of Rl 
will change the gain of the repeater within certain 
limits. This filter determines the manner in which 
the gain is decreased near the cutoff frequency of 
the associated lines. In cases where a loaded line 
is connected to one side of the repeater, and re- 
peating coils and a non-loaded line to the other 
side, an additional capacitance C3 and resistance 
R2 are added to handle the non-loaded line char- 
acteristics. 


Advantages of the Type AT-2 Repeater 


The merits of the AT-2 repeater are now quite 
obvious. From the standpoint of size, eight Type 
AT-2 repeaters occupy only a vertical space of 
5%” on a standard 19” relay rack. Mounting 
space for a power supply is not necessary as the 
repeater derives its power entirely from the 48- 
volt exchange battery. The power consumption 
of a complete two-way repeater is only 1.0 watt 
—many times less than that of a conventional re- 
peater; consequently, high heat radiation is not 
encountered. 


It is a very simple matter to remove a defective 
unit if one encounters trouble, and insert a spare; 
only a few seconds of time are required. During 
the changeover, an existing conversation can con- 





PEAK AMBIENT -IN CENTRAL OFFICE 


| 
pew Gest, pte 
PEAK AMBIENT-POLE MOUNT EQPrT. 


INSERTION GAIN - DECIBELS 





AMBIENT TEMPERATURE 


Figure 10—Effect of ambient temperatures on operation 
of Type AT-2 Repeater 
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Figure 11—Gain-adjusting networks used on Type AT-3 
Repeater 





tinue on the circuit with no abrupt interruption. 
The unit in trouble can then be serviced at a 
convenient time and place. 


Another very decisive advantage results from the 
use of transistors. The inherent limitations of 
vacuum tubes—their bulkiness, relatively short life, 
heated filament, deterioration with age, and rela- 
tive fragility have hindered the broad application 
of this type of repeater. Wider use of these cir- 
cuits is made possible by the appearance of the 
transistor—which apparently possesses none of 
these limitations and, in fact, has other desirable 
characteristics. For example, the life expectancy 
of the transistor used is well above 100,000 hours. 


Since the transistors used in Automatic Electric 
repeaters are of the germanium variety (which are 
somewhat sensitive to temperature) the question 
of high ambient temperatures had to be considered 
—particularly if repeaters are to be pole-mounted. 
The present design has been tested with no ap- 
parent change in gain characteristics up to 60°C, 
only a slight drop in gain to 85°C, and no ap- 
parent damage to the transistor to 125°C. Figure 
10 shows the effect that temperature has on the 
insertion gain of the repeater. These repeaters 
have developed no trouble under extreme high 
transient-current conditions, similar to those found 
on open-wire circuits. 


Advantages of the Type AT-3 Repeater 


The shunt-type (AT-3) repeater has the same 
outward appearance as its mate, the AT-2. It 
uses the same shell and is intended to mount 
alongside its mate when a combination repeater is 
required. The network used in the Type AT-3 
repeater is shown in Figure 11. The power con- 
sumption of both repeaters is identical—that is, 
1 watt. 
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Figure 12—-Performance of Combination Repeater on 
loaded line 





Used by itself (for test only) the shunt repeater 
proved capable of a gain of up to 8.0 DB; when 
both repeaters are used in combination, the maxi- 


mum gain possible is in the vicinity of 14 DB. 


At the present time, the combination type re- 
peater is finding use primarily on loaded facilities. 
Figure 12 shows the performance of this repeater 
as a terminal unit on a loaded cable. With such a 
repeater it is possible in many cases to bring a line 
to a —2 DB circuit as required in many applica- 


tions. 


Installation Techniques 


As is the case with all negative-impedance re- 
peaters, the selection of a proper network is the 
most important part of installation. In many cases 
this can be done by a “cut and try” method with- 
out too much trouble; however, to make it con- 
siderably easier and faster, an “Installer’s Set” has 
been developed. The repeater (or repeaters) 
under test are simply plugged into the top of the 
unit, as shown in Figure 13, and the jack plug 
shown in foreground is inserted into the AT-2 
repeater jack on the relay rack shelf. The set con- 
sists basically of a series of decade resistors, capaci- 
tors, and inductors, each selected by a simple turn 
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Figure 13—Installer’s Set with repeaters connected. 
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of a knob. The installer adjusts these until a 
desired gain-vs-frequency characteristic is reached, 
and then transfers to the repeater the particular 
values indicated, by strapping the proper terminals 
in the network. The strapped connections are then 
permanently soldered. 


The AT-2 repeater is in series with the line or 
trunk, and has no particular input or output 
impedance, in the conventional sense, at its line 
terminals. Because the impedances of the two 
connected lines are factors in setting the gain of 
this type of repeater, the true insertion gain can 
be measured only with the actual lines connected 
and terminated. Transmission-loss measurements 
will usually have been taken before the repeater 
was considered, and the Installer’s Set provides 
suitable transformers and other equipment so that 
one person may introduce a signal, measure the 
insertion gain of the repeater with standard trans- 
mission measuring appartus directly at the repeater 
location, and then select the network best suited 
for the particular circuit facilities. (The technique 
used is simply to connect a signal across a small 
resistor in series with the line on one side of the 
repeater, and to measure the voltage across a 
similar resistor in series with the line on the other 
side.) ‘This eliminates the need for personnel at 
the ends of the circuit (other than some temporary 
assistance to set up suitable terminations and to 
make stability tests). Also it makes it possible to 
test without removing the repeater from the line. 


Cie] 


Conclusion 


From our field tests and experience it appears 
that these repeaters are here to stay, and may 
eventually replace some elements already in use. 
In fact, the negative-impedance repeater may 
change the philosophy of transmission design. For 
example, it has been customary, in order to keep 
transmission losses down, to use 19-gauge cable 
wherever 10 miles or more are required; it is now 
economically possible to use 22-gauge cable with 
one negative-impedance repeater, and provide bet- 
ter transmission at less cost than with the original 
design. Also, as transmission standards are in- 
creased, there may be cases where a smaller-gauge 
trunk with two repeaters will be cheaper than a 
larger gauge with one repeater. In many applica- 
tions on toll lines it should be possible to use the 
combination repeater in places where a medium 
gain is required and still do it in an economical 
fashion. 
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THE APPRAISAL OF DELAYS IN 


GATE-TYPE OPERATION 


By IMRE MOLNAR 


Senior Project Engineer, Automatic Electric Company 


Description of Gate Operation 


process of being completed must engage only 

temporarily one or more common-control de- 
vices. For instance, in a director system for certain 
types of connections each director must at one 
point call for the services of a translator which is 
common to a group of directors and can serve 
only one director at any one time, and the func- 
tion of the director cannot proceed until it has 
been served by the translator. Or, as another exam- 
ple, in manual telephone systems every call must 
be answered by an operator who, upon receiving 
the request, establishes the connection to the called 
party and withdraws from the connection. In this 
case each call must receive service from one of a 
group of operators. 


[i switching technique frequently a call in the 


In such telephone systems there are two prob- 
lems to be considered. First, the connection of a 
source to a common control must be exclusive, that 
is, the sources must be connected to the controls 
one at a time. Second, when all the common con- 
trols are occupied, the requests by other sources 
must be delayed until controls become available. 
After this waiting period, a source may be con- 
nected to a free control at random or in some pre- 
scribed order. Usually, though not always, the 
random connection is circuitwise the simplest, and 
it is satisfactory if the feature of exclusiveness only 
is to be safeguarded. Random service, however, is 
considered in most applications as undesirable, 
since it will not assure reasonably equitable delays 
among the various sources. Therefore the usual 
practice is to attempt to serve the sources in the 
same order as they have demanded service, or in 
some deliberate order of precedence if the sources 
are to be distinguished by their relative impor- 
tance. The equipment required to serve calls in 
strict sequence of their origination is rather costly; 
therefore a circuit arrangement which accom- 
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SYNOPSIS: In recent years, increasing 
use has been made of gate-type lock- 
out circuits in telephone switching 
systems. When such circuits are em- 
ployed, a certain amount of delay 
occurs before service is given to any 
of the components connected to the 
gate; as a matter of fact one of the 
purposes of the gate lockouf circuit 
is to provide a reasonably equitable 
distribution of delays where delays 
are unavoidable. This article is a ten- 
fative analysis of the congestion in- 
troduced by gate operation. 





plishes nearly the same result in a simpler manner 
is a very important one. 


In a gate lockout system, calls seeking the serv- 
ices of common controls are held in suspense as 
long as all controls are engaged and the previous 
batch of requests have not all been served. When 
the last one of these previous calls has been con- 
nected to a control, the gate is opened and the 
batch of calls waiting now is admitted. Immedi- 
ately thereafter the gate is closed, and succeeding 
calls are required to wait until the last one of the 
present batch has been served. The sources ad- 
mitted through the gate are served as fast as con- 
trols become available, but not in the order of 
their origination (otherwise it would, of course, 
not be a gate system). They may be served at ran- 
dom or (more commonly, as a matter of practical 
expediency) in order of precedence as determined 
by the relative location of each source in a circuit 
chain containing the totality of these sources. Many 
other possible arrangements are found in actual 
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on a simple preferential chain, could serve as a 
pattern for the study of more complex arrange- 
ments. 


From the foregoing it will be apparent that a 
gate’ system approaches, but does not attain, the 
objective of strict sequence service. In the progress 
of a call, if it is delayed at all, there are always 
two delay periods involved: while the call is wait- 
ing outside the gate, and while it is waiting to be 
connected to a control after being admitted to 
the gate. Of these, the first one could be extremely 
short in case there are no other calls waiting. As 
long as the first period only is considered, the calls 
are served in strict sequence, since it is assured that 
no call originating after the previous one has been 
admitted into the gate can obtain prior service. 
There is, however, no assurance that the calls in- 
side the gate will be equitably served; only by 
chance would this be so. 


It will also be apparent that as long as traffic 
is light, that is, as long as calls are being disposed 
of as fast as they successively come in, they are 
answered in strict sequence of their arrival, be- 
cause as a rule there will be no call, or only one, 
inside the gate and perhaps one waiting outside 
between gate closures. This, however, is a trivial 
case, since under light traffic conditions calls would 
also be served in strict sequence if they were mere- 
ly picked up at random without any gate system. 
On the other hand, if there is a momentary con- 
gestion so that a large number of calls collect out- 
side the gate while the previous batch is being 
served, these calls are served after the next open- 
ing of the gate, without any regard to their se- 
quence of arrival. Of course, it may take consider- 
able time to serve all of them, and if congestion 
persists, a large number of calls might again be 
waiting for the next gate operation; therefore such 
congestion will be self-perpetuating, and equitable 
distribution will to some degree be lost. However, 
even under the latter condition a certain semblance 
of sequencing will be maintained, and better dis- 
tribution obtained than if calls were served entirely 
at random or in a preference prescribed by their 
physical location in a chain. 


Now, it is obvious that in a switching system, 
as commonly used in commercial telephone opera- 
tiori, there can be no prolonged periods during 
which all calls are consistently delayed. Such a 
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applications; however, the following analysis, based 





offered than could be served by the switching de- 
vices provided; the traffic would keep backing up», 
and if this were to persist, say, over a whole day, 
the demand would never be served. Such condi- 
tions have existed and occasionally still exist in 
manual toll operation where the number of toll 
circuits is insufficient for the busy-period traffic 
demand. Some of the calls are then delayed until 
the slack period, when the number of circuits is 
again in excess of the traffic demand. In the 
meantime the strict sequence queueing is, for all 
practical purposes, taken care of by the operators, 
outside the mechanics of the switching system. Fur- 
thermore, the patience of the customer provides 
an effective, though very undesirable, ceiling to 
self-perpetuating congestion, and excessively long 
delays are eliminated by action of the customer in 
abandoning such calls. 


In properly engineered systems, the numerical 
value of traffic (in traffic units) offered in the 
busy hour will be less, by a definite amount, than 
the number of devices provided. Therefore, during 
the busy hour, short spurts of congestion (during 
which calls are temporarily delayed) will alternate 
with periods during which calls may arrive singly, 
or there may be none at all. During such “breath- 
ing spells” the gate can clear out all calls it has 
stored and be ready to pick up new calls individu- 
ally as they arrive. Thus, a gate system may be 
looked upon as strict sequence queueing between 
small batches of calls, and random serving within 
each batch. However, the probability of a large 
number of calls being inside the gate is much less 
than the probability of the same number of calls 
demanding service simultaneously at random when 
there is no gate system. When the number of calls 
inside the gate is small, its action is practically in- 
distinguishable from strict sequencing; therefore it 
can be expected that a gate system, under usual 
operating conditions, will approach the results of a 
strict sequence system. ) 


Indeed, experimental evidence, to be referred 
to later, fully confirms this expectation. In fact, in 
practical operation, gate systems prove to be su- 
perior to strict sequencing when (as is usually the 
case) the maximum number of calls being se- 
quenced must be limited for reasons of economy. 
The storage means required for strict sequencing 
are relatively expensive, and therefore the storage 
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condition would mean that more traffic was being 
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capacity is generally kept as low as possible con- 
sistent with the objective. If, however, the capacity 
is too far limited, the purpose for which it was 
provided will be completely defeated. As an illus- 
tration, assume an extreme case of a sequencing 
circuit with means for storing two calls in their 
proper order of arrival. If the calls are served as 
fast as they come in, the correct sequence will be 
achieved without any queueing device. If two calls 
arrive while one is being processed, they will be 
stored and served in order of their arrival. If two 
more calls arrive before the first call in storage is 
accepted to be processed, only one of these two 
can occupy the vacated place in the storage circuit, 
and which one of the two will get it is a matter 
of chance. If another call arrives now, there will 
be two calls waiting outside the storage, and again 
either of the two could seize the next vacancy. Both 
storage positions are now occupied by random 
chance, therefore serving of these calls will be 
completely at random, in spite of the orderly se- 
quence of their release from storage. ‘This random- 
ness will persist until the number of calls waiting 
outside of storage drops to one or zero at all times. 
In a mathematical sense, strict sequencing is ob- 
tainable only with an infinite storage capacity, or at 
least with a storage capacity equal to the number 
of sources originating the calls, less two (one being 
served, and one waiting outside the storage.) On 
the other hand, with the gate lockout arrangement 
the number of calls which can be accepted within 
the gate is unlimited; therefore complete ran- 
domness for an appreciable period is inconceivable. 


General Considerations of Waiting Times 


Delay problems in general are among the most 
intricate ones in traffic engineering. The solutions 
depend to a great extent on the distributions of 
the holding times, and to date for only two types of 
distribution have satisfactory solutions been found. 
The first of these deals with holding times which 
are exponentially distributed; there is well-estab- 
lished material available to analyze such problems 
satisfactorily.‘-° In the second type of distribution 
the holding time is constant, and for this there are 
also computation charts available (although they 
are applicable only under certain restrictive condi- 
tions) .6 


The traffic analysis of gate operation is likewise 
a problem of delays, and it so happens that be- 
tween the two previously mentioned alternatives 
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the constant-holding-time hypothesis is the one 
which is more nearly correct to apply to the prob- 
lems most frequently occurring in practice, since 
common control equipment usually has about the 
same holding time each time it is seized, and for 
the work time of an operator constancy is as good 
an assumption as any other. Unfortunately for the 
constant-holding-time case the distribution of de- 
lays has been worked out only under the assump- 
tion that the calls are served in the sequence of 
their origination and only up to a maximum of 20 
channels, as well as with other restrictions. It 
would be quite useful to know the probability 
distribution for applications where the calls are 
served at random; however, no solution for this 
problem has yet been found. 


The theory of gate operation is obviously more 
complex than operation either with random an- 
swering or with sequence answering, since it is a 
synthesis of both; therefore its exact analysis must 
preferably be preceded by the solution of the ran- 
dom answering case. The writer, being aware of 
the very considerable difficulties inherent in the 
problem, as well as of his own mathematical limi- 
tations, in the following tries only to give an out- 
line of a theory with gross approximations. There 
are only two excuses offered for doing this: first, 
as long as there is no exact theory available or in 
sight, the practical engineer who must face such 
problems may prefer to have a reasonable approxi- 
mation rather than no guidance; second, this pres- 
entation may arouse the interest of others, mathe- 
matically better equipped, to develop a satisfac- 
tory theory and reduce it to working material. 


In support of this position, the following testi- 
monial from the seventeenth-century French phi- 
losopher, René Descartes, may be quoted: “I am 
sure that there is no one, even among those who 
make its [medicine’s] study a profession who does 
not confess that all that men know is almost 
nothing in comparison with what remains to be 
known. I judge there was no better provision 
against a short life or lack of experience than faith- 
fully to communicate to the public the little which 
I should myself have discovered, and to beg all 
well-inclined persons to proceed further and then 
to communicate to the public all the things which 
they might discover, in order that the last should 
commence where the preceding had left off, and 
thus by joining together the lives and labors of 
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many, we should collectively proceed much further 
than anyone in particular could succeed in doing.” 


For example, consider the position of the prac- 
tical designer who is expected to lay out some new 
type of manual board. He knows that there are a 
certain number of calls to be answered in the busy 
hour, and can guess the amount of work time in- 
volved in each call. He is also told that 95 per cent 
(%) of the calls must be answered within 10 sec- 
onds. The first thing he wants to know is the num- 
ber of operators necessary to carry this load, and 
for this he might use some empirical figures, or 
he could look up the charts prepared from the 
mathematical material given in reference 6. 


What he has not been told is the sequence in 
which these calls are to be answered and if, after 
the board has been put into service, an undue num- 
ber of calls are abandoned because of excessive an- 
swering delays (even though in the over-all picture 
95% are answered within 10 seconds) the designer 
is in trouble. He would not be, had he arranged 
for strict sequence answering, except that very 
likely the board would be economically unattrac- 
tive, as has been noted, because of the high cost 
of an effective sequencing arrangement. 


So he considers the use of a gate lockout system, 
and wonders where this will lead him. Intuitively 
he feels that this is almost as good as strict se- 
quence; but if he is conscientious, he will ask him- 
self how many calls on the average will collect 
outside the gate, and how many will be inside; 
how likely is it that, say, five times the average 
number will wait; will a gate system prolong the 
average delay; and how long will the gate be held 
between successive operations? He must answer 
these questions not only for his appraisal of the 
efficiency of the system, but also for a number of 
seemingly trivial reasons, such as contact protec- 
tion, voltage drop through common impedances, 
provision of time delays for alarms under trouble 
conditions, etc. 


At present he does not have even approximate 
answers. He does not know whether at any one 
time there will be 1, 2, 5, or 50 calls waiting in 
the gate; or even, if he should know that on the 
average there are, say, two, whether he can rea- 
sonably expect that there ever will be 50, and how 
far this would throw out the sequencing. If some- 
one can tell him, for instance, that in a given case 
there will be on the average between 1.5 and 2.5 
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calls in the gate, and that about once a week he 
might have more than five calls, and it should 
practically never happen that there are more than 
10 calls, that there should not be more than 25% 
spread in the average delays between the first and 
last members of the preference chain, etc., then 
he has something to work with and something on 
which to base his decisions. 


This is not an apology for the lack of mathe- 
matical sophistication in the following appraisal. 
There is no substitute for rigor in analysis, and 
there is always a danger of getting a completely 
misleading result by careless reasoning and half- 
knowledge; however, it must be recognized that 
there is real value in any reasonably true answer 
until a better one with a more solid mathematical 
justification can be found. The exactness of the 
answers given to questions which arise out of gate 
operation have little effect on the cost of the equip- 
ment, or the exact grade of service given to the 
customer, or the specifications to be met in com- 
petitive projects. Indeed, an answer which is cor- 
rect to any order of magnitude helps the designer 
to visualize the events to take place and gives him 
valuable guidance in making decisions on the de- 
tails of his design. 


In the following it will be assumed that statis- 
tical equilibrium exists; that the traffic originates 
from a very large number of sources; that there 
is full availability from source to channels (gate 
and controls) ; that the connection from sources to 
channels is instantaneous; that calls are originated 
at random; that no one source is preferred over 
any of the others as long as they are waiting out- 
side of the gate but that, once admitted to the 
gate, they will be served in a certain fixed order 
of preference assigned to each source; that calls 
enter the gate only when all channels are busy or 
when other calls are waiting. In general there will 
be no restriction placed on the form of the hold- 
ing-time distribution, though several of the sug- 
gested answers will be tied to the case of constant 
holding time. 


List of Symbols 


s = number of sources 

c = number of calls arriving during unit time 
y = traffic density in traffic units, erlangs 

T = average channel holding time, unit time 
N = number of channels 
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m = average delay of all calls, unit time 

M = average delay of delayed calls, unit time 

G = total gate-holding time, unit time 

g = average gate-holding time, unit time 

k = number of gate operations during unit time 

D = number of delayed calls during unit time 

h = average number of delayed calls during G 

H = average number of calls entering gate 

== number of calls entering gate 
b = average delay outside of gate, unit time 
== time variable, unit time 

P(>0) = probability for delay 

P(>t) = probability of delay exceeding ¢ 

Q(>t) = probability of gate-holding time exceed- 
ing ¢ 

R(>n) = probability of at least n calls entering 
gate 

P(x) = probability of x channels being simultane- 
ously occupied 

K = multiplier applicable to gate operation 

e = 2.718282 


> = summation 


Proportion of Delayed Calls 


As is well known, in a full availability system the 
total amount of delay suffered by all calls does not 
depend upon the order in which the calls are being 
served, and this will also be true if the delayed 
calls pass through a gate lockout process. Further- 
more, it should make no difference to the unde- 
layed calls in what sequence the delayed ones are 
served. Therefore the existing equations for the 
probability that a call will not be delayed are still 
applicable; and so are the probabilities that a call 
will be delayed, since the sum of these two proba- 
bilities is identically equal to 1. The probability 
for a call to be delayed is designated as P(>0). 
For the son holding case 


P(>0)—P(0)y¥/(N—y) (N—1)! (1) 
where 
1/P(0) =e? +y"/(N—y) (N—1)!— 

5 y/s! (2) 


For the constant holding-time case 
P(>0)=1—P(=0) 
where 


a 


(e-/z) S (xy)!/j 


1 j=xN 


i mMésg 


(3) 
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Numerical values of the functions in this and 
the next section are contained in the references, 
for all cases of practical importance and to an 
adequate degree of accuracy. 


The probability P(>0) represents the time dur- 
ing which it is expected that all channels will be 
engaged and, since calls are originated at random, 
it also expresses the expected proportion of de- 
layed calls out of the total number originated. It 
does not, however, represent the time during which 
delays will actually occur, since there will be some 
periods when all channels are busy and no calls 
are waiting. 


Average Delay 


An examination of the equations for the average 
delay of all calls shows that they are independent 
of the manner in which delayed calls are served 
and therefore applicable also to the present prob- 
lem. In the exponential case 


m = TP(>0)/(N—y) (4) 


In the constant holding-time case 


co co 
n= TS i, 3 (xN)!/j!— 


x=} j=xN 


co 
(N/y) 3 (xN)//j!) (5) 
j=xN+ 1 
Numerical values of the average delays are like- 
wise given in the references for a very wide range 
of conditions. 


The delays m refer to all calls, whether delayed 
or undelayed. The average delay of those calls 
which are delayed is 


M=m/P(>0) (6) 


which is simply T7/(N—vy) for the exponential 
holding times. 


The delays with exponential holding times are 
consistently higher than they are when the channel 
holding times are constant, assuming the same 
average holding time in both cases. This also 
bears out intuition that with exponential distribu- 
tion, holding times of lengths many times the 
average will occur and create excessive delays, 
while, when the holding times are all equal in 
length, delayed calls will be served in regularly 
occurring equal intervals. As a rule of thumb, up 
to about 10 channels and high occupancy (y/N 
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between, say 0.7 and 0.95), the average delay m 
is about twice as long with exponentially dis- 
tributed as with constant holding times. With 
higher occupancy the ratio also increases, while 
with lower occupancies and also with increasing 
number of channels, the average delays with both 
types of holding-time distribution approach each 
other. This is likewise in accordance with intui- 
tion, since when the occupancy is low, most calls 
will be served without any delay, and any differ- 
ences in the delay distribution of those calls which 
will be delayed become less significant in the 
overall average as the proportion of delayed calls 
diminishes. 


The mathematics of delays becomes very simple 
in the special case of a single channel. However, 
this case happens to have special importance, since 
gate lockout systems are common in single-channel 
operation. In this case, with exponential holding 
time distribution 


P(>0)=y (1A) 
ria) we i—y (2A) 
me FE [1 ——¥) (4A) 
Mam T/(1—y) (6A) 
With constant holding time 

P(>0) =» (3A) 
m—=yT/2(1—y) (5A) 
M —T/2(1—y) (6B) 


As may be seen, the probabilities of delay are 
the same in both cases, while the average delay 
in the exponential case is twice as long as with a 
constant holding time for all levels of occupancy. 


Distribution of Delays 


As a practical measure the distribution of delays 
is of much greater importance than the average 
delay. It is very little consolation to know that in 
a given system the average delay is a comfortably 
small figure, if at the same time an undue number 
of calls are excessively delayed. A specification 
for a system where calls might be delayed to a 
varying degree should always include a provision 
that not more than a certain fraction of calls 
should be delayed over a certain length of time; 
and it is expedient to express this delay ¢ in mul- 
tiples of the average holding time T. 
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A typical example of such a specification may 
be given by a common control system where a 
large number of Directors must seek the services 
of a common translator for every call which the 
Directors process. Let us assume that every call 
occupies the translator for the same length of 
time, say 350 milliseconds, including access time. 
The question is now asked as to how many calls 
the translator will be able to process in the busy 
hour. If the translator should serve 3,600/0.35 = 
10,286 calls, it would be fully occupied and delays 
of infinite length could be expected. The permis- 
sible number of calls, less than this amount, 
depends on the length of delay which may be 
tolerated; it may be specified, for instance, that 
not more than one call out of 10 shall be delayed 
for more than twice the holding time, that is, 
for 700 milliseconds. The question can be answered 
if the distribution function of delays for the exact 
process by which the translator is accessed is 
known, with an accuracy limited by the correct- 
ness of the assumptions on which the distribution 
function was based and by other general limita- 
tions on the application of the theory of probability 
to practical problems. 


The equipment might be arranged so that calls 
would seize the translator at random (in which 
case some extremely long delays might be ex- 
pected) or in strict order of their origin (however, 
the equipment would then be very costly) or in a 
gate sequence arrangement. From previous qualli- 
tative considerations it is expected that the delay 
distribution function for gate operation should lie 
between those for random and for strict sequence 
service respectively. However, it would be pre- 
sumptuous to guess its exact position in the ab- 
sence of a mathematical formulation or of suf- 
ficient statistical material. One might be tempted 
to interpolate about halfway between the two 
functions, on the reasoning that delayed calls 
spend about half their time outside and half inside 
the gate, so they would be served about half in 
sequence and half at random. This reasoning is, 
however misleading, first, because delay distribu- 
tion functions are basically summations of ex- 
ponential terms, and linear interpolation of such 
functions is completely unrealistic; and second, 
because intuition as well as the little statistical 
evidence available clearly suggest that a gate se- 
quence is a much closer approach to strict se- 
quence in all cases of practical interest. 
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Distribution functions and their numerical 
values are available ‘~° for the exponential dis- 
tribution of holding times, both for strict sequence 
and random services. Unfortunately, however, for 
the constant holding-time case (which is the more 
common one in gate system practice) the values 
for strict sequence service only have been worked 
out and are available for reference.” 


In approaching the gate distribution problem, 
the qualitative observations in the paragraphs to 
follow may be useful: 


Delay distribution functions demonstrate that 
with random answering a larger proportion of calls 
have shorter delays than with strict sequence 
answering. This is the mathematical justification 
of strict sequence service, for in addition to pro- 
viding greater equity, it eliminates excessively long 
delays. That this must be so is obvious from the 
fact that the average delay is the same in both 
cases, and therefore the reduction of long delays 
must be compensated by a corresponding increase 
of the shorter delays, with both distribution curves 
crossing over at some point. 


From the fact just mentioned it follows, some- 
what surprisingly, that if the possibility is accepted 
of some very long delays with random service, a 
greater proportion of calls can also then be served 
with little delay than is possible with a sequencing 
arrangement. This seems to have been overlooked 
until now by designers, and opens up the possibility 
of new and interesting sequencing combinations. 


As already noted, with a low occupancy of the 
channels a gate lockout arrangement should be 
nearly as effective as strict sequencing, while with 
increasing occupancy more randomness is intro- 
duced. As a matter of fact, the available distribu- 
tion functions demonstrate that at low occupancies 
there is little difference of practical consequence 
even between strict sequence and random service. 


More specifically, consider the exponential hold- 
ing-time case, for which exact mathematical com- 
parisons can be made, and three probability levels: 
0.1, 0.01, and 0.001, which should include the total 
range of practical significance. At the outset it 
may be well to remember that the probability of 
ali channels being occupied, that is, the proba- 
bility that calls will be delayed, is independent of 
the process by which delayed calls are disposed 
of in switching systems used at present. This 
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probability is shown in Table I, which indicates 
that with low occupancies, say 0.3 or 0.4, and 
with 10 channels or more, the question of random 
or queued service is completely irrelevant. With 
very low occupancies, say 0.1 or 0.2, this is true 
even with four channels or more. The values are 
even more favorable in the constant holding-time 
case. 


The next step is to investigate the maximum 
occupancies of the channels permitted if the delays 
with random service are not to exceed the delays 
with strict sequence service by, say, 50%. It will 
be found that at the 0.1 probability level the 
occupancy will be over 0.9 for any number of 
channels. At the 0.01 probability level the occu- 
pancy will be about 0.8 for any number of chan- 
nels, and will rise to about 0.9 for 20 channels. 
At the 0.001 probability level the occupancy will 
be about 0.5, rising to 0.6 for 10 channels, and to 
0.75 for 20 channels. It may be further observed 
that up to 0.9 channel occupancy, and any number 
of channels, the delay with random service at the 
0.001 probability level will be less than about twice 
the delay with strict sequence service. 


Since there is no analytical expression for the 
distribution of delays with gate-type operation, the 
next best procedure is to apply multipliers K to 
the numerical values of delays derived for strict 
sequence service, for the same number of channels, 
for the same amount of traffic to be carried, and 
at the same probability level P( >t). As has just 
been seen, the delays with random service will not 
exceed the delays with strict sequence service by 
more than about 50% for the major portion of 
cases of practical interest, and in all cases of 
practical interest, will not exceed them by more 
than 100%. As it was also previously concluded 
that the distribution function for gate-type service 
should be closer to strict sequence service: than 
halfway between strict sequence and random dis- 
tributions, it seems reasonable to assume that for 
engineering purposes the multiplier K should vary 
between 1 and 1.3, dependent on the three pa- 
rameters mentioned. 


It is assumed in the foregoing that delays with 
gate-type operation will be longer than with strict 
sequence queueing. Actually, as was pointed out 
in the beginning of the discussion, with certain 
values of the parameters the delays with gate 
sequence will be shorter; therefore disregarding 
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the possibility of multipliers less than one is con- 
servative engineering practice. 


The considerations were based on exponential 
holding-time distribution. It seems reasonable to 
assume that with constant holding time the spread 
will be appreciably less. Therefore the application 
of the same values of K to all types of holding- 
time distributions is further on the conservative 
side. 


Whether or not the specified range for the mul- 
tiplier K is reasonable can be decided, in the 
absence of a solid analytical foundation, only from 
statistical observations. To undertake a statistical 
survey of this problem is a formidable task, con- 
sidering the wide range of two parameters in- 
volved (number of channels and average occu- 
pancy) and the huge sample size required for each 
value of the parameters to obtain meaningful 
results at the probability level 0.001 for P(>t?). 
Fortunately, there are data available from one 
experimental investigation.» Among other aspects, 












































Table |. Probability of Delayed Calls 
Number of Average 
Probability Channels Occupancy 
0.1 1 0.1 
2 0.25 
10 0.6 
20 0.7 
OEE eisktssacncnaonedeeaaith 2 0.075 
4 0.2 
10 0.4 
20 0.55 
0.001...... 4 0.1 
10 0.3 
__ LEN RE 0.45 


the effect of gating was studied on an artificial 
traffic of 1,000 calls generated by random numbers 
and served by two channels. The average occu- 
pancy y/N was 0.9. Such high occupancy with 
only two channels represents, of course, a much 
more severe test than can be commonly found in 
practice. Therefore, subject to the usual statistical 
limitations on such modest sample sizes, the results 
are conservative compared with practical opera- 
tions. The result of this experiment showed that 
with gate sequence service, and at probability 
levels below 0.1, delays were about 30% longer 
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than when the same test calls were served in strict 
sequence. 


A few things to keep in mind in considering the 
results of this experiment are: 1. The number of 
samples at low probability levels was very small 
(0.01 is represented by ten samples, 0.001 by only 
one). 2. In the probability range of interest in 
this connection, all the delays obtained in the test 
were consistently lower than the theoretical values. 
The discrepancy was less with random service 
(about 15-20%) and much greater with strict 
sequence service (30-50%). This suggests that the 
gate sequence delays may tend to be closer to strict 
sequence delays then the test indicates. 3. All 
delays obtained in the test for gate sequence, in 
the prooability range under discussion, were less 
then the theoretical delays for strict sequence 
service. 


The discussions in this section may be summed 
up by suggesting the multipliers K shown in Table 
II for engineering purposes. 


In conclusion, the previous example may be 
continued of a translator to serve calls of 350 
milliseconds’ holding time, with not more than 
one in 10 delayed over 700 milliseconds. From the 
distribution curves contained in reference 6 it is 
seen that with strict sequence service an occu- 
pancy of 0.58 will satisfy the specification. At this 
occupancy K = 1, so the same value is also ap- 
plicable for gate sequence service, and will be 
obtained by 6,000 hourly calls of 0.35 second each. 
From these charts it is also seen that one call out 
of 100 will be delayed over 1.54 seconds, and one 
call out of 1,000 over 2.6 seconds. In the last value 


Table Il. 
Probability P(>t) 0.1 0.01 0.001 


Occupancy y/N ...... 05 09 05 09 05 09 
K for one or two 


Multipliers 





channels (a: 2. te Se. 2A RS 
K for over 10 
channels (O: 36.32 34. 18 Ag 





the multiplier K = 1.1 has already been applied 
in accordance with Table II; without it the delay 
would have been over 2.38 seconds. Had establish- 
ing numerical values for “K”’ been greatly in error, 
assuming, for instance, 1.3 the correct value in- 
stead of 1.1, the delay for one call in 1,000 would 
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increase to over 3.1 seconds. While the discrep- 
ancy in per cent is substantial, it is of little 
practical significance whether the delay is 2.6 or 
3.1 seconds for one call in 1,000. 


However, if the specification had called for one 
call in 1,000 delayed for over 2.6 seconds, instead 
of the original one call in 10 for over 0.7 second, 
and had there been an error with regard to the 
multiplier, in that it should have been 1.3 instead 
of 1.1, then the permissible occupancy would have 
reduced from 0.58 to 0.53, and the permissible 
number of calls from 6,000 to 5,450. 


Preference Service 


It has been specified that, once inside the gate, 
calls are served according to the preference as- 
signed to the sources by their physical arrange- 
ment in a lockout chain. However, this is 
equivalent to random service within the gate, 
because the association of the preference number 
with the time of origination of a call is completely 
at random. Therefore, if these calls were to be 
subsequently served in a sequence of their preced- 
ence, the over-all gain or loss of the group as a 
whole compared with strict sequence service would 
be the same as if they had been served entirely at 
random. 


To illustrate, the following two experiments 
may be considered. Of two decks of cards, each 
consisting of, say, 26 cards, the cards in the first 
deck are marked on one side with letters A, B, 

. through Z, where the letter designates the 
rank of the card, A being the highest ranking. 
After thoroughly shuffling them a few, say five, 
are picked at random and each one is marked on 
the side by the numbers 1, 2, . . . 5 according to 
the order in which they are drawn. Now the cards 
are dealt one at a time in the order of their rank, 
corresponding to their letter designation, and the 
number is marked down of places gained or lost 
by each card as against dealing them out in order 


ee 


For the second experiment the 26 cards of the 
other deck are completely blank on both sides. 
Again, five cards are picked out which could be 
from the top or bottom or from any place in the 
deck since, being blank, the cards are indistin- 
guishable. As the cards are drawn, again they are 
marked 1, 2, ...5. The cards are not shuffled 
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before being drawn out. They are now shuffled 
and dealt singly in any order and the number 
assigned to them is not looked at. To make this 
experiment identical with the previous one, each 
card before being dealt may have a different letter 
assigned to it in any arbitrary way and then dealt 
according to the rank of the letter assigned to it. 
Finally, again the gain or loss for each card is 
noted as compared with its respective number, 


ie eae * 


If the conditions of both experiments are 
checked, it will be noticed that they are com- 
pletely equivalent, since in the first one the five 
letters were pulled entirely at random out of a 
possible 26, while in the second, five letters out of 
a possible 26 were assigned entirely at random to 
the selected five blank cards. In the first experi- 
ment the cards were dealt according to their 
preference in rank. In the second, the cards were 
thus dealt but since the letters were assigned at 
random, they might just as well have been dealt 
at random. It may therefore be expected that 
after many repeated trials the distribution of gains 
and losses will be the same for both sets. 


These relations can also be expressed in mathe- 
matical language. For this purpose it is assumed 
that an index 1, 2, through s is assigned to each 
source according to the preference by which it 
gains access to a channel, 1 being the highest 
ranking source. A call is originated by source of 
index i during an all-channel-busy condition and 
with x—1 sources already waiting for admission 
into the gate. Once this call is inside the gate, 
there are altogether n sources waiting for service, 
and it can be expected that n(1—1)/s calls of 
these sources are ranking higher than 7. Now, 
obviously, the number of calls in the gate ranking 
higher than 72 must be an integer number, while 
n(t—1)/s will be a rational number but only oc- 
casionally an integer. The integer number of calls 
in the gate which rank higher than the call of our 
test source 71, and which therefore will be served 
prior to i, is (n(i—1) /s) —7ri where 0 <7;<1 and 
represents the difference between n(z—1)/s and 
the next smaller integer. Our test source will gain 
x—1-+17;—n(i—1)/s places in its delay over 
what it would have been entitled to, had the calls 
been served in sequence of their arrivals (nega- 
tive gains representing, of course, a loss in place). 
The test source was chosen at random with a 
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probability of 1/s, and the expected gain can be 
obtained by summing up over all values of 7, from 
1 to s, as follows: 


x—1— & n(i—1)/s?+ & ri/s 
i= 1 i=1 s 
=—x—1—n/24n/2s+ % 1i/s 
i=1 

The last sum in this equation can be computed 
by considering consecutive values of 7;. Now, 
n[it—(i—1)]/s = n/s, which is equal to rj — 
(r; —1), except in the trivial case when n=s. 
A sufficient number of terms, say k, are being col- 
lected such that kn/s—1; that is, k = s/n. In 
considering the complete set of s sources this will 
be repeated cyclically altogether s/k =n times. 


The sum 7; will consist of m equal sums 


i= 1 


of an arithmetic progression, each consisting of 


k—1 
k—1 terms: = nj/s=nk(k—1)/2s=— (s— 


just 

n)/2n. Therefore the sum & 1;/s = Y% — n/2s. 
i=1 

Substituting this the following is obtained expected 

gain = x — (1+ n)/2 (7) 


Had the test call been served at random, with- 
out regard to the rank of the source, there would 
have been an equal probability 1/n that 0 or 1 or 

. n — 1 calls would be served prior to our test 
call. The expected gain in this case would be 

n—t1 
x—1— = z/n=x—n/2—% 

x=0 
Thus the equivalence of both distributions is 
proved. 


It should be emphasized that while there is no 
difference between these two distributions as far 
as the proportion of all calls delayed for ¢t or 
longer is concerned, it certainly makes some differ- 
ence to the expectation of individual sources; 
obviously, higher ranking calls will be subjected to 
shorter average delays than those behind them in 
the preference chain. 


Gate-Holding Time 
The length of time P(>0) has already been 


considered, during which all channels are engaged 
and a delay can be expected. The gate holding 
time G cannot entirely cover this period, because 
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at least part of this time no new calls will arrive 
and no other calls will be waiting. The gate will 
be held during the time that at least one call is 
waiting. The unconditional probability for this 
is the product of the probability P(>0) that ail 
channels are busy and the conditional probability 
that one or more calls are waiting. The first 
probability can be obtained from equations 1 or 3 
or from charts. The conditional probability that 
no calls are waiting when all channels are busy is 
1 — (y/N), therefore the probability that at least 
one call is waiting is y/N. The total gate occu- 
pancy during unit time will be 


G = P(>0)y/N (8) 


Average Number of Delayed Calls 


The total amount of delay in unit time is mc, 
while the total gate occupancy from equation 8 is 
G. Since the gate is closed whenever calls are 
delayed, the average number of calls waiting dur- 


ing G is mc/G, or 
h = Nmc/yP(>0) = NM/T (9) 


As A represents the average number of calls 
waiting at any time, it will also be the average 
number of calls waiting outside the gate at the 
time when the last call was cleared out of the gate 
and the gate reopened to admit a new batch of 
waiting calls. Therefore, the average number of 
calls entering the gate is 


H=h—NM/T (10) 


Number of Gate Operations 


The total number of delayed calls is 
D = cP(>0) (11) 


while in the average H =NM/T calls are ad- 
mitted to the gate. Therefore the number of gate 
operations will be 


k = D/H = yP(>0)/NM (12) 


The total occupancy of the gate is G, and there 
are k separate closures. Therefore the mean dura- 
tion of each occupancy of the gate will be g = 
G/k, and by substitution of equations 8 and 12 


g=M (13) 


This result could also have been obtained by 
intuition, since the average delay of a delayed 
call is composed of a delay outside the gate until 
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the gate is reopened, plus a delay inside the gate 
until served, which on the average will completely 
cover one full gate occupancy. 


Average Delays Outside and Inside the Gate 


The average holding time of the gate being g, 
the conditional probability for a certain call to 
originate during a small interval dt at a time ¢ 
after the preceding closure of the gate, if it is 
known that it originates during g, is dt/g. This 
call would then have to wait g—¢t until the next 
opening of the gate. The expected delay outside 
the gate would be 
b=f © (g—t)dt/g= g/2 (14) 
thus from equation 13 


b—M/2 (14A) 


This means that a call spends, on the average, 
one half of its expected delay M (if it is known 
that it will be delayed) outside the gate; and 
therefore, obviously, the other half of its expected 
delay inside the gate. 


Distribution of Gate-Holding Times 


Now, to prove the probability Q(>¢) that the 
gate is closed for a duration of least t, it may be 
assumed for the moment that some arrangement 
is made whereby the calls inside the gate will be 
served in the order of their time of arrival. Of 
course, this would not be sensible since obviously 
the gate will serve no useful purpose. Nevertheless, 
with such an arrangement the calls are served in 
strict sequence and the probability of their delays 
P(>t) can be readily obtained from the avail- 
able charts for strict sequence serving. The prob- 
ability of a delay of at least ¢ on any call which 
is known to be delayed will be P(>t)/P(>0). 
This probability applies to any call as long as it 
arrived at a time when all channels were engaged, 
even with the special gate circuit (which is now 
completely ineffective on the sequence of serving 
the calls). It is therefore equally applicable to a 
call which happens to be the first one to arrive 
after the gate was closed. With the special ar- 
rangement this call will be the first one to be 
served after the next opening of the gate; there- 
fore it will be delayed for the duration of the 
gate-holding time. 


The gate-holding time obviously depends only 
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on the number of calls to be served within the 
gate, the number of channels available, and the 
holding time of the channels, and not on the 
sequence of serving the individual calls. The 
gate-holding times will therefore be the same with 
the special sequencing arrangement and with ordi- 
nary gates, if the number of calls admitted to the 
gate is the same in both cases. On the other 
hand, the number of calls admitted depends on 
the preceding gate-holding time. Since calls are 
originated at random, the number of calls seeking 
admission depends on the calling rate of the 
sources as well as the duration of the gate holding 
time. Because the sources originating the calls 
have no knowledge of the state of congestion or of 
the method of sequencing the calls, the calling 
rate will be the same for all methods of serving 
the calls. Furthermore, since the length of the 
gate-holding time would not depend on the 
method of sequencing unless the method should 
affect the number of calls collecting during the 
gate-holding time, the equality of gate-holding 
times with both methods of service has been 
demonstrated. 


The special arrangement of serving the calls 
within the gate in sequence of their arrival may 
now be dispensed with. Then the probability 
Q(>t) that the gate will be held for at least ¢ is 
equal to the probability that delayed calls will be 
delayed at least ¢ if they are served in the 
sequence of their arrival. If P’ (>t) is the dis- 
tribution for strict sequence service, then 


Q(>t) =P’ (>t) /P(>0) (15) 


Note that Q(>0) = 1, and that the average 
gate-holding time g is M by using equation 6, and 
in conformance with equation 13. For exponential 
holding-time distribution 


Q (>t) = eG-Ne/t (15A) 


In the constant holding-time case the expression 
for Q(>t) is more complex and should prefer- 
ably be obtained from the suggested charts. 


Delays Outside the Gate 


To derive an expression for the probability that 
a delayed call must wait longer than ¢ to be 
admitted into the gate, consider a gate-holding 
time i. Calls being originated at random, the 
probability that a call will have to wait for more 
than ¢t for the gate to open is (1—T)/2. If the 
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probability of a gate-holding time between 7 + dt 
and i is Q(t) di the total probability that a delayed 
call will be delayed outside the gate for longer 
than ¢ is 


~Q(i)di—tf © 'Q(i)di/i 
=Q(>t)—t f" Q{ipdi/i 


The evaluation of the integral causes difficulties. 
For instance, in the exponential holding-time case, 
which appears to be the simpler one, Q(t) can be 
obtained from equation 15(A). The integral is 
solvable by a power series expansion, plus a term 
log 1. Whether the series converges at the limits 
of integration was not investigated. 


The solution of the foregoing equation, as well 
as the corresponding one for the distribution of 
delays inside the gate, would have considerable 
importance, since the combination of both dis- 
tribution functions would provide P(>t), and 
thus the complete solution of the gate problem, 
instead of the intuitive approach outlined in the 
section “Distribution of Delays.” 


An estimate of the probability distribution of 
delays outside the gate may be obtained as follows. 
As noted, on the average, a delayed call spends 
one half of its expected delay outside and one half 
inside the gate. Therefore, as an engineering ap- 
proach, it may be considered that the probability 
of a delayed call being delayed outside the gate 
for more than ¢ is the same as the probability for 
gate holding times over 2t, or Q(>2t). 


Distribution of Calls Entering the Gate 


If there are n calls admitted into the gate, these 
calls must be served during the subsequent gate 
holding time. Therefore, the probability R(n) for 
the number of calls entering the gate should be 
the same as the probability Q(t) for a gate holding 
time ¢, if the latter is computed so that on the 
average n calls will be served in that time. The 
meaning of Q(t), of course, is that the probability 
for a gate holding time between ¢t and t + dt 
during the time that all channels are engaged is 
Q(t)dt; its value can be computed from the 
relation 


Q(t) = — dQ(>t) /dt 


R(n) represents the proportion of gate opera- 
tions when exactly n calls are admitted into the 
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gate. It can be computed as follows. Consider 


first gate holding times of a length between ¢ anc 
t + dt and compute the probability that exactly n 
calls will be served in the gate. This probability 
should then be multiplied by the probability 
Q(t)dt that the holding time will be of such 
length, and the products integrated for all possible 
values of ¢. 


With exponential channel holding time dis- 
tribution the probability of a call terminating 
during any interval dt at any time is equal to 
Nadt/T, irrespective of the length of time the calls 
might have been in progress. On the average, we 
may expect x = Nt/T calls to terminate during 
an interval of length t. The probability that dur- 
ing a gate holding time ¢ exactly n calls will 
terminate is x"e—*/"' Therefore, regardless of the 
length of gate holding time, the total probability 
that n calls will be admitted to the gate is 


R(n) = (T/N) f ~ Q(t)x"e—*dx/n! 


From the theorem of the mean for integrals, there 
will be a value ¢’ such that 


R(n) = Q(’)T/Nf a tte *dx/n! 
—Q(t’)T/N 


The interpretation of t’ can be obtained by the 
following consideration. Because the number of 
calls in the gate must be an integral number, the 
probability on the right-hand side must change in 
discrete steps as n changes. Since T/N represents 
the average interval between channel releases, 
Q(t’)T/N is the probability of the gate holding 
time for n calls. Q(t) being a monotonous func- 
tion, ¢’ must have a unique value for each n. 
Now, it is known that if t = nT/N, the expected 
number of calls in the gate will be n. The fore- 
going equation should certainly still be satisfied if 
this constant value is assumed for all gate holding 
times during which n calls are served. 


To obtain the probability of at least n calls 
admitted to the gate R(>n) we must add R(n) 
for n, n+1,.... Obviously, R(>n) will then be 
Q(>t), where ¢” is some value of ¢ near t’. The 
distribution function Q(>t) being continuous and 
regular; in fact, it is e”—~%/7t must be established 
in such a way that the infinite sum of Q(t’)T/N 
will be Q( >t’). Now, R(n) = R(>n)— R( >n+ 
1) = Q(>t”)— Q(>3) where 5 = t”+T7/N". 
Substituting e7-%"/T for Q( >t) 
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R(n)= e%—Nt"/T(1 — g—A—a)) 

if y/N =a, the average channel occupancy. 
On the other hand 

R(n) = Q(t’)T/N 

and 

Q(t’) = —dQ(>t)/dt att=t’ 

Thus 

R(n)=(1— a) eO-N8/T 

and equating both expressions for R(n) 


eV -NDG"—1)/T__(] oh) {ing OO) 


T”’— t’=[log (1 — a) —log (1— e~“'- ) J 
T/(y—N) 


natural logarithm understood throughout t’ is the 
mean value of ¢ in the interval of width T/N 
beginning with ¢’”, and is nT/N. For high-channel 
occupancies, which are usually of interest in such 
problems, e~“'~® is approximately a, thus t’”/— t’ 
approximately 0. Therefore for practical purposes 


R(>n)=Q(>t), ift =nT/N (16) 


In the constant channel holding-time case it is 
known, by hypothesis, that during a gate holding 
time 7, equal to the channel holding times, N 
calls must terminate; therefore during an interval 
t which is a multiple of the channel holding time 
tN/T calls must terminate. The probability of n 
calls admitted into the gate will be the same as the 
probability of a gate holding time ¢, where t = 
nI’/N, if n is a multiple of the number of channels 


N. 


If the number of calls admitted is less than the 
number of channels, the gate holding time will be 
less than T and the gate will be reopened as soon 
as n of the channels become free. How long this 
will take depends on the exact instant these 
channels became occupied during the preceding 
gate occupancy, because each channel will be held 
for the exact length 7. However, since N channels 
must become free during 7, it can be expected 
that the n calls will be served in t =nT/N, which 
is then the expected gate holding time when n 
calls have been admitted. Contrariwise, the prob- 
ability of admission of n calls less than N will be 
the same as the probability of gate holding time 
t==nT/N when t is less than T. 
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Similar considerations apply when the number 
of admitted calls falls between two multiples of N. 
In general, it can be estimated that the proba- 
bility of more than n calls being admitted to the 
gate will be in accordance with equation 16. 


The average number of calls entering the gate 
will be 


= nR(n)=(N/T) f ™ tQ(t)dt — MN/T 


n 


in accordance with equation 10. 


Average Delay of Individual Sources 


While in general the service inside the gate can 
be considered as being at random as far as the 
over-all probability distribution of delays is con- 
cerned, this will not apply to the individual sources 
if they are arranged in a certain order of prefer- 
ence. It was shown that the average delay outside 
the gate for any source is g/2 — M/2. Once inside 
the gate, the highest ranking source will only wait 
for any one channel to become free, which on the 
average will be in T/N, while the lowest ranking 
source will be served in time g after the closing 
of the gate. 


This might appear to be a contradiction of the 
previous conclusion that the average delay inside 
the gate is g/2, since from what has just been said 
the average delay will obviously be greater than 
g/2. If the average delay of these calls happened 
to be M, their average delay outside the gate must 
have been less than g/2, with this as well as the 
preceding gate holding times g = M. Now, equa- 
tion 14 is undoubtedly correct with random in- 
cidence of calls, but since the average delay inside 
the gate was greater than g/2, and provided that 
two consecutive gate holding times were g each, 
the average delay of these calls must have been 
greater than g =M. The contradiction could exist 
only if the gate holding times were persistently 
equal, which would mean a persistently uniform 
flow of traffic. During such a state the channels 
would persistently be fully occupied and (de- 
pendent on the initial condition of the state) any 
value of average delay higher than the gate hold- 
ing time would be obtainable. However, the exist- 
ence of such a persistent state is in contradiction 
to the hypothesis of the delay problem, according 
to which varying amounts of traffic are being 
offered to the system, and therefore varying 
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lengths of gate occupancies will be obtained. These 
occupancies will adjust themselves so that, on the 
average, the relation expressed in equation 13 is 
satisfied. 


Disregarding the delay T/N for the highest 
ranking source, the expected spread of the average 
delay between highest and lowest ranking sources 
will be from g/2 to 3g/2. The expected delay for 
the source of rank i, if there are altogether s 
sources, 1S 


g/2 + g(t— 1)/(s—1) (17) 


In conclusion, it should be repeated that many 
details of the foregoing analysis are indefensible 
as to mathematical rigor. No claim can be made 
that the gate problem is solved as a mathematical 
subject; however, enough material is given to 
proceed with engineering design with a reasonable 
assurance of safety even though the exact factor of 
safety present cannot be determined. 


Examples 


The following two examples will illustrate the 
application of the material to typical problems in 
telephone engineering. The numerical values of 
the probability functions used in these examples 
will be obtained from the reference material,® 
which the reader should consult if he wishes to 
verify the manner in which these values were 
obtained. 


EXAMPLE 1 


To continue the example of the common trans- 
lator with a holding time of 350 milliseconds, this 
time it will be assumed that 7,700 calls are to be 
served. This is far in excess of what would be 
considered permissible in practice, but it will serve 
for the illustration. The occupancy of the trans- 
lator will be y = 0.35 X 7,700/3,600 = 0.75 er- 
lang. 


From equation 5(A) the average delay m/T = 
1.5 so m = 0.525 second. From equation 3(A) 
P(>0)= 0.75, that is 75%, or 5,775, of the calls 
will be delayed. The average delay of a delayed 
call from equation 6 will be M —0.7 second. 


The gate occupancy from equation 8 is G = 
0.5625 erlang, or 2,025 seconds. The average 
number of calls waiting during delays, computed 
from equation 9 is h = 2. According to equation 
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10, the average number of calls entering the gate 
will be the same, H = 2. 


Since the total number of delayed calls D is 
5,775, the number of gate operations in 1 hour &, 
from equation 12 is 2,887.5, and the mean dura- 
tion of a gate holding time g from equation 13 is 
0.7 second. The average delay outside, as well as 
the average delay inside the gate will be g/2 or 
0.35 second. 


Next the probability may be asked that a gate 
will be held for at least say, 2.1 seconds, or six 
translator holding times. The charts show that if 
there is one channel with an occupancy of 0.75, 
there is a probability of 0.04, and a call will be 
delayed at least six holding times, but since only 
75% of the calls are delayed, the probability of a 
gate holding time of at least 2.1 seconds is Q( >t?) 
= 0.0535. In other words, roughly 5% of the 


gate holding times, or 155, will be over 2.1 seconds. 


If the question is asked as to the probability that 
a call will have to wait at least 1 second to enter 
the gate, the answer is likewise a little over 5%, 
say 6%, according to the suggestion made at the 
end of the section “Delays Outside the Gate,” 
since the probability of a waiting time for the 
gate of over 1.05 seconds is equivalent to the 
probability of gate holding times over 2.1 seconds. 


The probability that more than 6 calls will be 
admitted to the gate is the same, R(>6) = 
0.0535, so it will happen 155 times in 1 hour. 
This is derived from equation 16, where R(>n) 
= Q(>t), if n=Nt/T. 


If the translator is accessed from s sources, say, 
directors, which are arranged in a preferential 
chain, the highest ranking source may expect an 
average delay (if it is delayed at all) of 0.35 sec- 
ond, and the lowest ranking source 1.05 second; 
this is derived from equation 17. 


The probability of gate holding times which 
will be exceeded, on the average, once in a busy 
hour may now be asked. There is, of course, a 
probability of still longer gate holding times, but 
as they may occur only once in several busy hours, 
these can be disregarded in the present considera- 
tions. Since there are 2,887.5 gate closures in 
each busy hour, and P(>0)— 0.75, the charts 
should be consulted for the delays which are 
exceeded with strict sequence service with a 


probability of 0.75/2,887.5 = 0.00026. Extrapola- 
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tion of the charts gives this probability at 167, or 
5.6 seconds. This means that on the average, once 
in each busy hour, the gate holding time will be 
over 5.6 seconds, and that more than 16 calls will 
be admitted into the gate. 


If there are 17 calls in the gate, the lowest 
ranking source must wait 5.95 seconds for service, 
and 5.95 + 5.6+ 0.35 = 11.9 seconds is about 
the longest delay in a busy hour, if it is assumed 
that 17 calls are admitted to the gate following a 
gate occupancy with 16 calls, that the probability 
of more than 17 calls can be disregarded, that the 
source turning in the earliest happened to be the 
lowest ranking of the 17, and that the holding 
time for servicing the call is added. 


As the last question on this example, the prob- 
ability is asked that a call will not be delayed for 
over 3 seconds. From previous data it is known 
that this probability will be on the order of 0.01; 
therefore a multiplier K — 1.2 according to the 
section “Distribution of Delays” is chosen and in 
the charts is found for “N = 1, y/N =0.75, t/T 
= 3 X 1.2/0.35,” by extrapolation P(>t) = 
0.005, or that 38.5 calls in the busy hour will be 
delayed for at least 3 seconds or that 7,661.6 or 
99.5%, calls will be served within 3 seconds. 


EXAMPLE 2 


As a second example, a team of 10 toll operators 
may be considered, receiving a total of 170 calls 
in 1 hour, each requiring 120 seconds of work by 
an operator. This example is more representative 
than the first of actual conditions, and comparison 
of the two will show how the results differ when 
the same gate principle is used in so widely di- 
vergent applications. 


Now, each operator considered as a channel, 
the total traffic carried by the 10 channels will 
be 170 X 120/3,600 = 5.67 erlangs. The occu- 
pancy of each operator will be 0.567 erlang. From 
the charts an average delay of mT’ = 0.011 is ob- 
tained, so m = 1.32 seconds. The charts also give 
for the probability that a call will be delayed 
P(>0)= 0.06. This means that only 6% of the 
calls, or 10.2 altogether, will be delayed at all. The 
average delay of these calls will be M—m/P 
(>0)=— 22 seconds. 


The gate occupancy from equation 8 is G = 
C.034 erlang, or 122.4 seconds. The average num- 
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ber of calls waiting during delays, computed from 
equation 9 is h = 1.83, which is also H, the 
average number of calls admitted to the gate. 


The total number of delayed calls D, is 10.2, 
therefore the expected number of gate operations 
k, in 1 hour will be 5.57, from equation 12, and 
the mean duration g of a gate holding time, from 
equation 13, 22 seconds. The average delay out- 
side the gate as well as inside will be g/2, or 11 
seconds. 


Next, it may be inquired if there is the prob- 
ability that the gate will be held for at least 24 
seconds, or one-fifth of the operator’s work time. 
The charts show that there is a probability of 
0.02 that a call will be delayed for at least one-fifth 
of its holding time if there are 10 channels with 
an occupancy of 0.567; but since only 6% of the 
calls will be delayed at all, the probability of a 
gate holding time of at least 22 seconds will be 
Q(>t) = 0.02/0.06 — 0.333. In other words, 
one-third of the gate holding times, or 1.86, will 
be over 24 seconds. 


The probability that a call will wait at least 12 
seconds to enter the gate will likewise be one-third. 
The probability that at least 24 x 10/120=—2 
calls will be admitted to the gate is the same, and 
it, will happen 1.86 times in 1 hour. If the prob- 
ability is asked for that at least four calls will be 


admitted to the gate, the answer is 0.05, or once 
in 1/(0.05 X 5.57) = 3.6 hours. 


If the operators are accessed from s trunks, 
arranged in a preferential chain, the highest rank- 
ing trunk may expect an average delay (if it is 
delayed at all) of 11 seconds; the lowest ranking 
trunk, 33 seconds. However, this spread is rela- 
tively unimportant. First, only 6% of the calls 
enter a gate and, second, two-thirds of the gate 
occupancies will hold only one or two calls. When 
a call is not delayed, or when it is alone in the 
gate, the rank of the trunk is irrelevant. When 
two calls are in the gate (which happens less 
than twice in an hour), the average spread be- 
tween the two will be 7/N = 12 seconds, and 
only when three calls are in the gate will the 
average spread between the ranks exceed this. As 
has been seen, only very rarely will there be four 
or more calls in the gate. 


As the last question on this example, the propor- 
tion is asked of all calls waiting longer than 10 
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seconds, or one-twelfth of the operators’ work time. 
From the charts for 10 channels and an average 
occupancy of 0.567, with strict sequence service the 
probability of delays at least one-twelfth of the 
holding time is 0.045, that is, 4.5% of the calls 
will be delayed over 10 seconds. According to the 
section “Distribution of Delays,” in such cases a 
multiplier k = 1 is satisfactory, and there should 
be no difference between gate sequence and strict 
sequence service. As a matter of fact, in the expo- 
nential holding-time case with 10 channels, 0.567 
occupancy and 120 seconds’ average holding time, 
fewer calls are delayed over 10 seconds if the calls 
are answered at random than if they are answered 
in the sequence of their origination. The propor- 
tion of 4.5% calls delayed over 10 seconds con- 
forms with the general operating rule that 95% 
of the calls should be answered within 10 seconds. 


The curious aspect of this problem is that while 
only 6% of the calls are delayed at all, three- 
fourths of these, that is, 4.5% of all calls, are 
delayed for over 10 seconds. As the average delay 
of delayed calls is 22 seconds, it is evident that 
the delays, as far as they exist, are substantial. 
But the number of calls under consideration is 
very small: only about 10 calls have any amount 
of delay (although about eight of these have delays 
of over 10 seconds). 


Comparing the two examples results in several 
conclusions which are immediately apparent. First, 
in the second example all the delay times are much 
longer than in the first one, because of the great 
difference in the holding times: 120 versus 0.35 
second. Nevertheless, the difference in the delays 
is. not as great as the relative magnitudes of the 
holding times would suggest. Second, in the sec- 
ond example only a very minor portion of the 
calls are delayed and what happens to them has 
relatively little bearing on the over-all problem, 
while in the first example three calls out of four 
are delayed and their efficient handling determines 
the efficiency of the system. The difference here 
is because in the first case there is only one chan- 
nel, while in the second case there are 10, and at 
the same time the average occupancy in the first 
case is relatively high and in the second case rela- 
tively low. Third, for the same reason the number 
of calls handled by the gate in the second case is 
very low (it should hardly ever exceed four, and 
in most cases will be only one or two) while in 
the first example there is a chance that once in 
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an hour 16 or more calls will be in the gate, even 
though the average number of calls in the gate is 
about the same as in the second example. 


From the preceding facts one might ask the 
purpose of providing in the second case any gate 
arrangement at all, while in the first case it is 
obviously of the greatest importance to the opera- 
tion of the system. A few seconds of delay occa- 
sionally is acceptable in translator operations; 
however, the fact that each hour a fair number 
of calls is expected to exceed, say, 10 times the 
average holding time indicates that the margin 
against unexpected overloads is small. Therefore 
the distribution of delays provides a measure of 
the permissible occupancy of the channel. In the 
second example only about eight calls in each hour 
are expected to be delayed for over 10 seconds, 
and even delays of 30 seconds or more, (which is 
many times longer than the longest practically 
occurring delays in the translator system) are 
relatively short compared with the work time of 
the operator, so it appears that here is plenty of 
margin for unexpected overloads. However, it 
must be remembered that in the second example 
the delays are those experienced by a customer 
while waiting for an operator, and some customers 
may consider over 30 seconds as excessive, even if 
it occurs only twice in an hour, as in our example, 
and in spite of the fact that it will take on the 
average 120 seconds for the operator to process 
the call. Therefore an efficient arrangement, 
which makes it possible to cut down excessive 
delays, also has full justification in the second 
application. 
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CONSTRUCTION OF NEW 


TO START IN SPRING 


ARLY in the Spring of 1956, ground will be 

broken in Northlake, Illinois (a suburb of 
Chicago); for the construction of a new building, 
shown in the architect’s drawing below. When it 
is completed, in the Fall of 1957, this building will 
house the offices, laboratories, engineering depart- 
ment, and factory of Automatic Electric Company, 
and the main offices of Automatic Electric Sales 
Corporation and International Automatic Electric 
Corporation. It will bring together in one location 
the activities that are now being carried on in fif- 
teen scattered buildings in Chicago. 


Containing more than 1,300,000 square feet of 
floor space, this multi-million-dollar building will 
incorporate every modern and proved innovation 
for maximum operating efficiency. The factory 
area has been planned for “straight-line” produc- 
tion, all on one floor, to keep to a minimum the 
handling of materials and finished products. 


FACTORY BUILDING 


Research and development laboratories will oc- 
cupy the entire right wing of the two-story section 
at the front of the new building. New features of 
the laboratories, which will be approximately 50,000 
square feet in area, will be: a large life-test room, 
a pressurized Transistor Laboratory, and an 
anechoic chamber for research in telephone trans- 
mission. Equipment will be installed for easy han- 
dling of large and heavy equipment units under 


development and test. 


Display cabinets in the laboratories’ conference 
room will contain samples and models of equip- 
ment representing important developments made 
by Automatic Electric Company. We confidently 
expect that, working in the new quarters and with 
the facilities they will provide, Automatic’s engi- 
neers will add many more developments to this 


display in the years to come. 
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UNIQUE TOLL FACILITIES AT NEW WESTMINSTER, 
BRITISH COLUMBIA, CANADA 


N January 29, 1956, the oldest city in British 

Columbia will be converted from manual to 
dial telephone service. An important industrial, 
commercial and seaport city of the Pacific North- 
west, New Westminster has enjoyed phenomenal 
growth in the last ten years; to meet its needs, the 
British Columbia Telephone Company is making 
the largest cutover in the history of the Company. 
Comprising two- and one-third 10,000-line units 
of Strowger Automatic equipment, this will be also 
the largest “one-step” cutover in the history of 
Automatic Electric Company. It will provide local 
service and extended-area service between New 
Westminster subscribers and most subscribers of 


the adjoining city of Vancouver. 


A unique feature of the new exchange will be 
its ultramodern and complete provisions for the 
handling of toll traffic, with operator toll dialing 
direct to most British Columbia toll centers. Auto- 
matic alternate routing is also provided where ad- 


vantageous. 


Toll switching, both terminating and through, 
will be handled through Automatic Electric’s Type 
FW-1 Intertoll Switching System. This system con- 
sists entirely of step-by-step equipment; its features 
(many of which will be here used for the first time ) 
include: four-wire switching of transmission paths 
throughout; split-pad switching, with increase of 
gain on high-loss connecting trunks; silver-inlaid 
switch-bank contacts; complete separation of puls- 
ing and supervisory circuits from the transmission 
paths; automatic camping on certain calls under 
delay and overflow conditions; centralized traffic 
recording; complete, self-contained, power and 
supervisory equipment; and new types of plant 
test facilities. 


The new integrated automatic toll board is cord- 
less, and completes calls by remote control; the 
transmission paths are not carried through the 
switchboard, but through automatic switching 
equipment which is controlled by the operators at 
the switchboard. It is designed for high-speed op- 
eration; through a new, efficient method of auto- 
matic call distribution, incoming traffic is received 
by any available operator, and calls are served 
through a “gate” system—practically in the order 
of their arrival, but with preference being given 
automatically to certain classes of calls. 


Control and supervision of traffic is centralized, 
with automatic signals during overload which au- 
tomatically adjust themselves to the prevailing con- 
ditions. Certain positions are provided for operator 
training; they can be arranged to simulate every 
traffic situation encountered in actual operation, 
but are fully equipped and usable as regular posi- 
tions in the event of unexpected overloads. The 
toll board will be operated for combined long- 
distance, short-haul toll, and Iccal assistance service. 
A new high-efficiency service observation board is 
included in the installation—together with an in- 
formation and intercept board of the automatic 
call distributing type, and rate and route, ticket 
filing and other miscellaneous desks. Additional 
equipment to complete the third unit of the New 
Westminster exchange will be cut into service only 
a few months after the initial cutover. 


Engineering details of this large installation, with 
its many unusual features, will be of interest to 
most telephone men. We plan to bring them to you 
in future issues of the Automatic Electric Techni- 
cal Journal. 
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